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INTRODUCTION AND LITERATURE REVIEW 
There a r e many types of f r e s h w a t e r h a b i t a t , such as 
l a k e s , r i v e r s , c a n a l s , streams, ponds, dykes, p i t s and 
ephemeral puddles, but of a l l such h a b i t a t s s p r i n g s a r e 
amongst those t h a t have been s u b j e c t to the l e a s t s c i e n t i f i c 
i n v e s t i g a t i o n . I t i s p a r t l y f o r t h i s reason t h a t t h i s study 
has been made, and i t i s hoped t h a t t h i s w i l l provide a f i r m 
foundation on which to base f u r t h e r r e s e a r c h i n t o t h i s p a r t -
i c u l a r freshwater h a b i t a t type. 
The a r e a covered by r i v e r s , streams and springbrooks i s 
but one-thousandth of the t o t a l land s u r f a c e ; and yet a l l 
t h r e e a r e important and obvious f e a t u r e s of any landscape. 
Despite t h i s seemingly s m a l l a r e a , i t has been estimated t h a t 
they c a r r y about 3.0 x 10 km*3 of water to the seas each year, 
and t h i s amounts to about 25 cm of p r e c i p i t a t i o n spread over 
the e n t i r e land s u r f a c e (Schmitz, 1961). I n f a c t only about 
2.8 per cent of the World's t o t a l water (1.337 x 1 0 6 km 3) 
o c c u r s on the land, most of t h i s i s f i x e d as i c e (2.24 per 
c e n t ) , of the r e s t , only 0.61 per cent occurs i n the ground-
water (Leopold et a l . , 1964). I t i s t h i s v/ater t h a t s u p p l i e s 
and g i v e s r i s e to s p r i n g s . 
Not f a r below the s u r f a c e of the e a r t h , i n most p a r t s of 
Great B r i t a i n , porous s o i l s end ro c k s a r e s a t u r a t e d w i t h water 
t h a t has i n f i l t r a t e d from the s u r f a c e . The top of t h i s zone 
of s a t u r a t i o n i s known as the w a t e r - t a b l e , the l e v e l of which 
tends to f l u c t u a t e according t o s e a s o n a l recharge and i n f i l -
t r a t i o n , discharge by s p r i n g s , and a l s o e x t r a c t i o n by man. 
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Where the w a t e r - t a b l e meets a topographical s u r f a c e , as 
i l l u s t r a t e d i n F i g u r e 1, t h e r e may be a s p r i n g , or even a 
l i n e of s p r i n g s . The l i n e of s p r i n g s t h a t was used during 
much of t h i s study i s shown i n p l a t e 1. I t i s o f t e n thought 
t h a t the i n d i v i d u a l s p r i n g s i n a l i n e of s p r i n g s w i l l always 
be at the same height above sea l e v e l . T h i s i s not neces-
s a r i l y so, and the p o s i t i o n s of the s p r i n g s a r e determined 
by g e o l o g i c a l f a c t o r s w i t h i n the h i l l , such as the s t r i k e of 
the s t r a t a . 
Springs and the springbrooks l e a d i n g from them a r e not 
r e a l l y p a r t of the main drainage p a t t e r n , and c l e a r l y have 
q u i t e well-marked b i o l o g i c a l and p h y s i c a l f a c t o r s i n t h e i r 
own r i g h t . Using l i l i e s ' (1964) terminology, s p r i n g s and the 
springbrooks leading from them are termed the CRENON, and they 
d i f f e r from ordinary streams i n many ways. They seem to main-
t a i n a very uniform temperature, which i s o f t e n very c l o s e t o 
the mean annual a i r temperature of the r e g i o n . I t i s i n t e r -
e s t i n g to note t h a t i n v o l c a n i c a r e a s the temperatures may be 
high enough to mean than i n Brock's (1969) view, s p r i n g s and 
springbrooks may be c l a s s e d as extreme h a b i t a t types. They 
a r e sometimes de-oxygenated and many a r e i r o n d e p o s i t i n g (such 
as the s p r i n g found at High Stoop - O.S. Sheet No. NZ 104408 -
during the pre-study s e a r c h f o r s p r i n g s i t e s ) , and i f they a r e 
n e i t h e r they are o f t e n i n c o n t a c t with underground waters 
which harbour a fauna known as the * p h r e a t i c * fauna. 
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(a) . View South dovm the Eggleshope v a l l e y from the 'California 
mine area. Springs s i t e s SI and S2 are marked. 
L / 
-
( b ) . View from Vest side of the Eggleshope v a l l e y , spring s i t e s 
S6 and S7 are marked. 
S10 S9 
S8 
View Eastwards across the Eggleshope v a l l e y from S i , springs 
S8, S9 and S10 can be seen i n the distance on the East side 
of the v a l l e y . 
I 
• 
7. 
1 
• < 
lm m Imm i i j i i i - A 
(d). View Northwards of the L i t t l e Eggleshope 
Beck. 
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Springs discharge t h e i r water i n a number of ways, f o r 
which s u i t a b l e terms have been derived, and these were observed 
and noted by Bornhauser (1913). I f the water flows d i r e c t l y 
i n t o the channel of the springbrook i t i s termed RHEOCRENE, 
and i f i t f i r s t flows i n t o a s m a l l b a s i n or pond the term 
LIMNOCRENE i s used. Often n e i t h e r of these i s the case and 
the s p r i n g flows out i n t o a marshy are a , i t i s then c a l l e d 
HELOCRENE. 
When no oxygen i s found i n the springwater a t the source 
t h e r e a r e r a r e l y any organisms v i s i b l e , but d e s p i t e t h i s s u l -
phur b a c t e r i a and cyanophyta have been found (Odum and C a l d w e l l , 
1955). Sloan (1956) found that some i n s e c t s were a b l e to enter 
water t h a t contained very l i t t l e d i s s o l v e d oxygen, he found 
i n d i v i d u a l s of C a l l i b a e t i s and Caenis i n springbrooks i n F l o r i d a 
where the oxygen content was as low as 2.5 mg.l -*. I t i s of 
i n t e r e s t that he found t h a t the number of s p e c i e s i n c r e a s e d 
f a i r l y q u i c k l y i n a downstream d i r e c t i o n . However, i n 'normal* 
s p r i n g s where the water s u r f a c e s w i t h some d i s s o l v e d oxygen 
many organisms occur r i g h t up to the source i t s e l f . In limno-
cr e n e s there may be e q u a t i c p l a n t s and s p e c i e s of animals t h a t 
are more o f t e n found i n ponds. I t has been found t h a t i f t h i s 
i s the case the number of s p e c i e s i s more r e s t r i c t e d than i n 
t y p i c a l ponds, perhaps because of the r e l a t i v e l y uniform temper-
a t u r e , a l s o t here are u s u a l l y a few s p e c i e s more t y p i c a l of 
l o t i c systems. I t has been found t h a t i n rheocrenes the a l g a l 
f l o r a i s s i m i l a r to t h a t of s m a l l streams (Whitford, 1965), 
and the dominant s p e c i e s tend to be Achnanthes, Melosira and 
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F r a g i l a r i a (Round, 1965). I t seems that d e s p i t e the very 
constant temperature regimes operating i n s p r i n g s a s e a s o n a l 
change of dominant s p e c i e s o c c u r s . T h i s may i n d i c a t e t h a t 
l i g h t i s an important e c o l o g i c a l f a c t o r ( T e a l , 1957). 
P h r e a t i c animals a r e o f t e n included i n s p e c i e s found i n 
and near the sourc e s of s p r i n g s , examples being Niphargus, 
B a t h y n e l l a , -white Phagocata, b l i n d A s e l l u s and Crangonyx 
(Thienemann, 1912; Carpenter, 1928; Beyer, 1932; G e i j s k e s , 1935; 
Dahm, 1949; Dittmar, 1955; Matonickin and P a v l e t i c , 1960; 
Minckley, 1961, 1963; and Montas et a l . , 1962). In c e r t a i n 
s p r i n g s such P h r e a t i c animals may form an important s e c t i o n of 
the fauna, though t h e i r importance d i m i n i s h e s downstream they 
are o f t e n found i n i s o l a t e d s h e l t e r e d pockets f o r some d i s t a n c e 
from the springhead. 
Animals t h a t a r e normally a s s o c i a t e d with waterlogged 
s o i l s o f t e n form a s u b s t a n t i a l proportion of the fauna of some 
s p r i n g s . Animals such as the lu m b r i c i d E i s e n i e l l a , the t i p u l i d 
l a r v a P e d i c i a and ot h e r s a r e q u i t e common, though they a r e 
normally l i n k e d w i t h c o o l shaded p l a c e s a t the edges of streams 
(Thienemann, 1912; Demel, 1923; Kuhn, 1940). 
The t h i r d major group of organisms a r e those t h a t a r e 
t r u l y a q u a t i c and epigean, but are confined l a r g e l y to s p r i n g s 
and the cool springbrooks t h a t flow from them. Animals i n 
t h i s category i n c l u d e the T r i c l a d s Crenobia a l p i n a and Phagocata 
g r a c i l i s of Europe and North America r e s p e c t i v e l y . Some 
Tr i c h o p t e r a such as Agapetus, Apatidea and Synagepetus a r e 
found; as a r e some P l e c o p t e r a , i n Europe the two s p e c i e s 
L e u c t r a n i g r a and Nemurella p i c t e t i are very common. 
Coleoptera a r e a l s o r epresented by s p e c i e s such as Helodes 
spp. and Hydroporus f e r r u g i n e u s ; c e r t a i n s n a i l s may a l s o be 
r e s t r i c t e d to t h i s h a b i t a t , examples are the North American 
s n a i l s P a l u d e s t r i n a spp. and the European s n a i l s B i t h y n e l l a 
spp. (Thienemann, 1912; G e i j s k e s , 1935; Kuhn, 1940; Davidson 
and Wilding, 1943; N i e l s o n , 1950; Noel, 1954; Dittmar, 1955; 
Matonickin and P a v l e t i c , 1960; Chandler, 1966). The fauna of 
s p r i n g s and springbrooks o f t e n i n c l u d e s many of the s p e c i e s 
t h a t a r e common downstream as ordinary stream d w e l l i n g animals. 
Research has shown t h a t t h i s i s o f t e n the case w i t h amphipods 
and isopods which a r e commonly dominant s p e c i e s i n hardwater 
springbrooks (Demel, 1923; S t e l l a , 1956; Montas e t a l . , 1962; 
Minckley, 1963). 
The fauna of s p r i n g s has many elements i n common with 
other s o r t s of f r e s h w a t e r : e.g. Hydrophilid b e e t l e s may be 
found i n the h y g r o p e t r i c zone of s p r i n g s a s w e l l a s a t the 
margin of ponds or s h e l t e r e d p a r t s of l a k e s , and many animals 
a r e e q u a l l y abundant i n springbrooks and eurythermic streams. 
S t i l l t h e re a r e a g r e a t number of animals t h a t a r e only found 
i n s p r i n g s . The cause may be that only i n s p r i n g s they f i n d 
s u i t a b l e h a b i t a t s ; emergent stones, moist l e a v e s e t c . a r e a l s o 
found elsewhere, but i n s p r i n g s these h a b i t a t s a r e c h a r a c -
t e r i s e d by t h e i r constancy: the l e a v e s are always e q u a l l y 
moist, and the stones a r e never t o t a l l y submerged, nor does 
the ground beneath them dry out completely. 
The hydro-climate of the s p r i n g s d i f f e r s c o n s i d e r a b l y from 
that of other s o r t s of fresh w a t e r , and s i n c e the l a s t I c e Age 
the macroclimate of Europe has been s u b j e c t to c o n s i d e r a b l e 
changes. Perhaps then, the d i s t r i b u t i o n of crenobionts or 
s p r i n g i n h a b i t i n g s p e c i e s can be explained i n terms of ' h i s t o -
r i c a l zoogeography 1. I n the summer months the temperature of 
the s p r i n g s i s much lower than i n other f r e s h w a t e r s . Hence, 
some of the e a r l y immigrants of the L a t e G l a c i a l Period, now 
supplanted i n the eurythermic streams have, as l a t e g l a c i a l 
r e l e c t s , found refuges i n s p r i n g s . An example would be the / 
T r i c h o p t e r a n Apatidea m u l i e b r i s MacLachlan, which i s now only 
found i n a few E n g l i s h s p r i n g s and a few other s p r i n g s i n the 
North European lowlands. I t i s not found o u t s i d e s p r i n g s , and 
i s absent from the fauna of the German mountains. I t seems 
t h a t the l a r v a e of Apatidea m u l i e b r i s cannot stand temperatures 
much higher than those p r e v a i l i n g i n s p r i n g s . Thus the A t l a n t i c 
P e r i o d , i n which the mean temperature of the year and hence the 
temperature of the s p r i n g s were higher than now, was, no doubt 
an extremely c r i t i c a l period f o r Apatidea. T h i s may e x p l a i n 
why today i t i s only found i n the l a r g e s t of s p r i n g s . One 
should bear i n mind t h a t the circumstance t h a t a s p e c i e s i s 
r e s t r i c t e d to s p r i n g s does not n e c e s s a i r l y mean t h a t the s p e c i e s 
i n q u e s t i o n has an ab s o l u t e requirement f o r such low temper-
a t u r e s , i t i s p o s s i b l e the stenothermy may be a r e c e n t e v o l -
u t i o n a r y development during p o s t g l a c i a l time. I t may be due 
to the s p e c i e s being unable to maintain i t s p l a c e i n the 
competition w i t h l a t e r immigrants i n the eurythermic streams; 
or t h a t the balance of competition may be d i f f e r e n t i n waters 
with d i f f e r e n t thermal regimes. In the Post G l a c i a l Warm 
Perio d the temperature of Europe was notably higher than nowa-
days and Southern s p e c i e s would have moved,North, and have now 
been supplanted i n the Northern fauna. Some of these s p e c i e s 
probably had t h e i r d i s t r i b u t i o n conditioned by a not too low 
winter-temperature. Some animals with t h i s type of d i s t r i -
b ution might be expected t o have found refuges i n s p r i n g s , 
owing to the comparatively high w i n t e r temperatures of these 
h a b i t a t s , a good example i s Odontocerum a l b i c o r n e S c o p o l i , 
which i s one of the commonest types of Caddis f l y i n I t a l y 
(Navas, 1930). For both types of r e l i c t s i t seems to be of 
importance to the f l y i n g imagines t h a t the l o c a l i t i e s of the 
refuges have a s i t u a t i o n s h e l t e r e d from winds i n order to 
ensure the non-dispersion of a d u l t s . Perhaps one reason f o r 
the l a c k i n the s p r i n g streams of many of the animals common 
i n the eurythermal streams, i s t h a t they a r e probably not a b l e 
to complete t h e i r development i n the low summer-temperatures 
(Nielson, 1950). Because so many crenobionts ai'e r e l i c t s , the 
faunas of s p r i n g s i n r e l a t i v e l y r e c e n t l y g l a c i a t e d a r e a s tend 
to be l e s s r i c h than those s p r i n g s which have been longer i n 
e x i s t a n c e (Engelhardt, 1957). I n f a c t some s p e c i e s , such as, 
Gammarus b o u s f i e l d i and A s e l l u s b i v a t t a t u s have only been 
i d e n t i f i e d from the Doe Run springstream i n Kentucky (Cole 
and Minckley, 1961), t h i s suggests t h a t they a r e r e l i c t s from 
long ago, which have e i t h e r changed i n t h e i r i s o l a t e d h a b i t a t , 
or simply died out elsewhere. 
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I t would be expected t h a t the f l o r a , and fauna, of s p r i n g s 
w i t h d i f f e r e n t types of water chemistry d i f f e r i n terms of both 
numbers and s p e c i e s p resent. T h i s has been found to be the 
case, Schwoerbel found such d i f f e r e n c e s between s o f t - w a t e r and 
hard-water s p r i n g s (Schwoerbel, 1959). The type of s u b s t r a t e 
may a l s o be an important f a c t o r , and s t u d i e s between the 
s u b s t r a t e type and bottom fauna communities, made i n England, 
Germany and America, have i n d i c a t e d t h a t the s u b s t r a t e type 
i s a b e t t e r c h a r a c t e r i s t i c to use as a b a s i s f o r a system of 
biocoenoces than the 'stream-zone' system, d e s p i t e the f a c t 
t h a t v a r i a t i o n s do occur i n the f a u n a l composition on c e r t a i n 
s u b s t r a t e s i n d i f f e r e n t l o c a l i t i e s . Thorup's (1963, 1966, 1970, 
1973, 1974) work on some Danish s p r i n g s has shown t h a t the 
faunas a s s o c i a t e d w i t h c e r t a i n s u b s t r a t e s a r e w e l l defined 
and may be c a l l e d communities. His s t u d i e s show t h a t the 
v a r i a t i o n s i n the fauna a s s o c i a t e d to a c e r t a i n s u b s t r a t e 
occur from p l a c e to p l a c e , both q u a l i t a t i v e l y and q u a n t i t a t i v e l y . 
V a r i a t i o n s dependent on e c o l o g i c a l f a c t o r s other than s u b s t r a t e 
type may occur w i t h i n a s p e c i f i c l o c a l i t y . For t h i s reason i t 
seems u n l i k e l y t h a t a system of biocoenoces and biotypes, based v 
simply on s u b s t r a t e type, could be c o n s t r u c t e d . However, i n 
s t u d i e s on i n t e r s p e c i f i c r e l a t i o n s h i p s , and those between 
s p e c i e s and environmental s u b s t r a t e type may be h e l p f u l i n the 
d e l i m i t a t i o n of biotopes and biocoenoces (Thorup, 1966). 
I t i s most i n t e r e s t i n g to note, t h a t l i k e the a l g a e , the 
s p r i n g - d w e l l i n g i n s e c t s , molluscs, and f i s h tend to show 
d i s t i n c t s e a s o n a l p e r i o d i c i t y , so t h a t they breed and emerge 
y 
a t the proper season f o r the s p e c i e s d e s p i t e the uni f o r m i t y of 
the thermal regime. S e v e r a l r e s e a r c h e r s have concluded t h a t 
day-length must be an a l l important c o n t r o l l i n g f a c t o r (Demel, 
1923; Odum, 1957; Thorup, 1963. 1973). An i n t e r e s t i n g question 
t h a t o f t e n a r i s e s , i n the d i s c u s s i o n of s p r i n g communities, i s 
th a t concerning d i s p e r s a l and c o l o n i s a t i o n . I n a review (Maguire, 
1963) the l a c k of knowledge i n t h i s f i e l d has been made c l e a r , 
a t l e a s t i n terms of the p a s s i v e d i s p e r s a l of a q u a t i c organisms, 
although i t has been shown t h a t micro-organisms t r a v e l f a i r l y 
r e a d i l y . However, f o r the l a r g e r i n v e r t e b r a t e s the problems 
of d i s p e r s a l a r e immense, e s p e c i a l l y i f they a r e t r u e creno-
b i o n t s . I t i s p o s s i b l e t h a t there i s very l i t t l e movement of 
such s p e c i e s , and Thienemann has suggested t h a t , when the 
flatworm Crenobia a l p i n a appeared i n some German s p r i n g s a f t e r 
not being taken i n sample catches f o r many y e a r s , i t did so 
from a r e t r e a t i n the very groundwaters t h a t gave r i s e to the 
s p r i n g s (Thienemann, 1949). Another very s i g n i f i c a n t p i e c e of 
c o r r e l a t a r y information i s t h a t Hydroporus f e r r u g i n e u s , a 
b e e t l e of s p r i n g s i n a l l p a r t s of Europe, i s found i n temporary 
•winter-bournes*, such as those i n the ch a l k h i l l s of south-
e a s t England, and has been found to be incapable of f l i g h t 
(Jackson, 1958). 
Much of the work t h a t has been c a r r i e d out on s p r i n g s has 
been r e s e a r c h on q u i t e l a r g e s p r i n g s , the s p r i n g s t h a t Minckley 
(1963) and Odum (1957) have worked on were so l a r g e t h a t boats 
and sub-aqua gear could be used. The work c a r r i e d out by 
Thorup and N i e l s e n (Thorup, 1966, 1970, 1973, 1974; N i e l s e n , 
1950) on Danish s p r i n g s was a l s o c a r r i e d out on much l a r g e r 
s p r i n g s than those used i n t h i s study, there the d i s c h a r g e 
•was i n the r e g i o n of 100 l . s e c . - 1 , whereas i n t h i s study they 
range between v a l u e s of about O.l.min. -' 1 and 200 l . m i n . - * . 
The low flow i n s p r i n g s used i n t h i s p l a c e of r e s e a r c h was to 
present problems when sampling methods were to be decided upon 
From a p r e l i m i n a r y l i t e r a t u r e s e a r c h i t seemed t h a t l i t t l 
was known of the 'springhead* or •springbrook* communities i n 
t h i s country. So i t was decided t h a t to look a t community 
s t r u c t u r e and d i v e r s i t y would be a good s t a r t to any longer 
term study of such systems, w h i l s t a t the same time other 
a s p e c t s of springheads and springbrooks could be c o n s i d e r e d . 
In order f o r t h i s kind of a study to be made i t was e s s e n t i a l 
t h a t q u i t e a number of s p r i n g s should be found w i t h i n easy 
reach of the U n i v e r s i t y . 
A v a l l e y i n which t h e r e were many s p r i n g s was l o c a t e d to 
the north of Middleton-in-Teesdale; the B6278 road passes 
through i t to Stanhope. The v a l l e y l i e s between Eggleston 
Common (to the e a s t of the road) and Monks Moor (to the west 
of the r o a d ) . Near Middle End Farm the v a l l e y d i v i d e s and 
Eggleston Burn i s formed by the confluence of Great Eggleshope 
Beck and L i t t l e Eggleshope Beck. F i g u r e 2 shows the g e n e r a l 
area i n which the study took p l a c e , and F i g u r e 3 shows the 
study s i t e s themselves. The s p r i n g heads are l a b e l l e d S I to 
S10, and the Beck i s l a b e l l e d B. There were other s p r i n g s i n 
the a r e a , but these were found not to be s u i t a b l e , mainly 
because of the e x c e p t i o n a l l y dry e a r l y Summer of 1976. For 
f u r t h e r d e t a i l s of the a r e a O.S. (1:25,000 S e r i e s ) Sheet No. 
NY 92 i s e s s e n t i a l . 
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Map showing study area and sites. 
The area of study i s p a r t of the Northern Pennine O r e f i e l d , 
and the mining of le a d ores has f o r many generations been one of 
the p r i n c i p a l occupations of the scanty population i n the f e l l 
and d a l e country. Mining i s s t i l l c a r r i e d out i n the area , but 
the mines ne a r e s t to the study s i t e were no longer i n production. 
The f e l l s have broad, f l a t tops and t h e i r convex s i d e s l o p e s a r e 
sc u l p t u r e d i n t o prominent f e a t u r e s i n d i c a t i n g the a l t e r n a t i o n of 
r e s i s t a n t and n o n - r e s i s t a n t beds i n the gently dipping rock 
formations. I n the bottoms of the broader v a l l e y s t r a i n s of 
rounded mounds of g l a c i a l d r i f t are found, the higher s l o p e s 
are u s u a l l y f r e e from d r i f t ; but the f l a t tops of the f e l l s a r e 
covered w i t h h i l l - p e a t , u s u a l l y deeply eroded i n t o 'haggs'. 
The population i s r e s t r i c t e d to the v a l l e y s , each having a 
d i s t r i c t c e n t r e , such as Middleton-in-Teesdale. G e o l o g i c a l 
occupations other than m e t a l l i f e r o u s mining i n c l u d e the quarrying 
of limestone (e.g. a t Shake Holes, three m i l e s to the north of 
the s p r i n g s i t e on the Stanhope Road), sand and g a n i s t e r , and 
i n the past c o a l was mined on a s m a l l s c a l e . These a c t i v i t i e s 
were though to be p o t e n t i a l l y important i n terms of t h e i r 
e f f e c t s on the water chemistry of the a r e a . A g r i c u l t u r e i s 
p r a c t i s e d i n the v a l l e y s , but a t the s p r i n g s i t e up i n the f e l l s 
sheep farming i s dominant. Apparently, i n the past the t r a d -
i t i o n a l Dales miner was a smal l h o l d e r as w e l l , and up to q u i t e 
r e c e n t times work a t the mines was r e s t r i c t e d during the seasons 
of haymaking and h a r v e s t . A form of h y d r a u l i c mining known a s 
•hushing* was p r a c t i s e d by the old miners, by which a t o r r e n t 
of water was allowed to rus h over or along the course of a v e i n , 
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making i n a course of y e a r s a great e x c a v a t i o n or 'hush'. 
Deep prospecting t r e n c h e s were cut i n the same way. These 
a c t i v i t i e s have a f f e c t e d to p a t t e r n s of drainage c l o s e to 
and around the mines, but a s f a r as could be seen d i d not 
i n t e r f e r e a t any of the s p r i n g s i t e s t h a t were used. I n 
Teesdale the p r i n c i p a l lead-mining area l a y i n the northern 
s i d e - v a l l e y s of Hudeshope and Eggleshope, north of Middleton-
i n - T e e s d a l e ; the l a t t e r being the v a l l e y i n which t h i s study 
was c a r r i e d out. I t was i n t h i s v a l l e y t h a t the London Lead 
Company, s t a r t i n g i n 1752, worked an e x t e n s i v e complex of 
v e i n s i n the Upper Limestone group, the l a r g e s t 'oreshoots* 
occuring i n the sandstones high i n the group. A l l the o l d 
mines were f u r t h e r up the v a l l e y s than the s p r i n g s , and i t 
was expected t h a t they may have had s i g n i f i c a n t e f f e c t s on 
the f l o r a and fauna of the Becks that flowed from them. 
T h i s d i s s e r t a t i o n d e s c r i b e s the r e s u l t s of a study of 
the communities i n c e r t a i n s p r i n g s , springbrooks, and the main 
beck ( L i t t l e Eggleshope) of the Eggleshope V a l l e y . An attempt 
has been made to i d e n t i f y the springhead community, i f i t does 
indeed e x i s t , and to r e l a t e the communities s t u d i e d , both 
q u a l i t a t i v e l y and q u a n t i t a t i v e l y , to other p h y s i c a l and b i o t i c 
f a c t o r s . The p h y s i c a l f a c t o r s included temperature, pH, 
oxygen l e v e l s , d i s c h a r g e , flow r a t e , and the heavy metal ions 
of l e a d and z i n c , and a l s o the amount of calcium present i n 
the water. B i o t i c f a c t o r s involved i n the study were a measure 
of the a v a i l a b l e vegetable m a t e r i a l , a survey of the major 
macrophytes p r e s e n t , and animal i n t e r s p e c i f i c c o n s i d e r a t i o n s 
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f o r each s i t e . A s p e c i e s d i v e r s i t y a n a l y s i s was c a r r i e d out 
on the major s i t e s , and s t a t i o n s down one of the springbrooks. 
An e f f o r t to examine the d i s t r i b u t i o n of the i n v e r t e b r a t e s by 
'frequency a n a l y s i s * from springhead to beck was made, and i t 
was designed to d e t e c t whether the d i s t r i b u t i o n changed w i t h 
time. The t r o p h i c s t r u c t u r e of the sp r i n g s was i n v e s t i g a t e d , 
and E l t o n i a n pyramids produced to i l l u s t r a t e f o r the s p r i n g 
w i t h the hi g h e s t s t a n d i n g crop. Much of the e f f o r t involved 
was d i r e c t e d i n t o the development of s u i t a b l e techniques and 
methods of a n a l y s i s . These needed refinements which time d i d 
not allow, and the c o l l e c t i o n of more data from t h i s most 
i n t e r e s t i n g f r eshwater h a b i t a t . 
CHAPTER 1 
METHODS 
1.1 Community Study of Springheads and Egglestone Beck 
A f t e r a d e t a i l e d examination of the springheads i n the 
Eggleshope V a l l e y ten were chosen f o r f u r t h e r study. I t was 
decided that an attempt should be made to i n v e s t i g a t e each 
q u a l i t a t i v e l y and, i f p o s s i b l e , q u a n t i t a t i v e l y . The d e f i n -
i t i o n of what was meant by the term 'springhead* was taken to 
be t h a t p a r t of the springbrook between the point of emergence 
of the underground waters, and a point 5 metres downstream. 
The method of sampling and numbers of sub-samples to be 
taken was, as i s always the case i n benthic limnology, a 
problem. Because of the f r a g i l e nature of the springhead 
h a b i t a t , and i t s s m a l l s i z e , the u s u a l methods of d e c i d i n g on 
the sample s i z e and number were not r i g i d l y adhered to f o r t h i s 
p a r t of the study. E v e n t u a l l y a sub-sample s i z e of 400 cm^ of 
springbrook bed was chosen, and a sub-sample number of f i v e 
when using the net sampler. A bucket sub-sample of 227 cm^ 
was taken when the v e g e t a t i o n was too dense, or the flow r a t e 
too low, f o r the net sampler to be used. Again f i v e sub-samples 
were taken. 
The net sampler was designed by the author, and was based 
on the p a t t e r n of the Surber Sampler (Surber, 1937), but on a 
reduced s c a l e s u i t a b l e f o r use i n s m a l l springbrooks. I t i s 
shown i n P l a t e 2 and c o n s i s t e d of a standard F.B.A. net frame 
and net ( a p e r t u r e s approx. 1.0 mm) with the t y p i c a l Surber 
quadrat e x t e n s i o n from the mouth of the net. The area of the 
quadrat (20 cm x 20 cm) was 400 cm 2. To i t s s i d e s were 
attached two t r i a n g u l a r p l a t e s of aluminium which were to 
d i r e c t the flow of water, and animals, i n t o the net. To 
ensure a good s e a l between the stream bed and the sampler, 
p l a s t i c foam was attached t o the bottom of the quadrat on i t s 
s i d e s and r e a r . 
The net sampler was used to sample the communities i n 
a l l the springheads, except S7, S8 and S10 where low flow and 
dense v e g e t a t i o n prevented i t s use. The net sampler was a l s o 
used to sample the beck community, where the high flow r a t e 
and g r e a t e r depth were i d e a l f o r i t s use. I n those h a b i t a t s 
where the net sampler could not be used a 'bucket 8 sampler 
was used. I t c o n s i s t e d of a p l a s t i c bucket with the base 
removed and the bottom rim sharpened; t h i s was used i n 
c o n j u n c t i o n w i t h a s t i f f p l a s t i c net of 12 cm diameter and 
h o l e s with a diameter of approximately 1 mm. ( T h i s item was 
i n f a c t a * f l o u r s i e v e ' made by Addis.) 
Samples were taken a t 1 m i n t e r v a l s s t a r t i n g a t 4.5 m 
downstream and working upstream towards the springhead. Net 
samples were taken i n the f o l l o w i n g way, the net was placed 
f i r m l y i n p o s i t i o n on the stream bed and s e t t l e d i n t o the 
substratum, any stones w i t h i n the quadrat were picked up and 
scrubbed, i n one d i r e c t i o n w ith a s t i f f brush, so thai; any 
attached animals passed i n t o the net. The substratum w i t h i n 
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the quadrat was then w e l l d i s t u r b e d using the same brush f o r 
a p e r i o d of 30 seconds, any v e g e t a t i o n remaining a t t a c h e d to 
the substratum a f t e r t h i s time was dislodged and placed i n 
the net. The net was then removed from the water and i t s 
contents p l a c e d i n a screw topped p l a s t i c j a r to which had 
been added 2 cm of concentrated formaldehyde s o l u t i o n . 
Bucket samples were taken i n a s l i g h t l y d i f f e r e n t way, the 
samples were a l s o taken working upstream, the bucket was 
placed f i r m l y and q u i c k l y i n t o p o s i t i o n and r o t a t e d so t h a t 
i t r a p i d l y cut i t s way through any p l a n t m a t e r i a l and soon 
reached a f i r m substratum. I t was held i n p o s i t i o n , the 
v e g e t a t i o n was removed by hand and placed i n a p l a s t i c j a r 
hel d over the bucket. Next the p l a s t i c net was used to ' f i s h 
w i t h i n the bucket, any animals caught were placed i n a white 
p l a s t i c t r a y , t h i s p rocess was continued u n t i l no f u r t h e r 
animals could be caught. The animals were then p l a c e d i n the 
j a r w i th the v e g e t a t i o n and 2 cm of formaldehyde s o l u t i o n 
were added, the l i d was then screwed t i g h t l y i n p l a c e . I f 
l a r g e stones were present w i t h i n the bucket samples p r o v i s i o n 
would have to be made f o r scrubbing, but t h i s was not neces-
s a r y i n the present study. 
The net sampler was used i n the beck as above, but 
because of the l a r g e r h a b i t a t i t was p o s s i b l e to take more 
sub-samples, the number was determined by p l o t t i n g a s p e c i e s 
d i s c o v e r y curve. Twenty sub-samples were taken from the beck 
These were returned to the l a b o r a t o r y i n screw topped p l a s t i c 
j a r s t r e a t e d with formaldehyde as before. P l a t e 3 shows the 
sampling apparatus beside L i t t l e Eggleshope Beck. 
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I n the l a b o r a t o r y each sample was s i e v e d ( s i e v e a p e r t ure 
0.25 mm) to remove s i l t and s o r t e d i n water i n a white t r a y 
under strong l i g h t . A l l the macrofauna were removed. F l a t -
worms were i d e n t i f i e d immediately w h i l e a l l other animals were 
preserved i n 70% methanol f o r l a t e r i d e n t i f i c a t i o n . 
1.2 Measurement of P h y s i c a l F a c t o r s at the Springhead 
1.2a Water Temperature 
The temperature of the springhead water was taken a t 
i n t e r v a l s throughout the study using a standard mercury i n 
g l a s s thermometer c a l i b r a t e d i n 0.1 degrees c e n t i g r a d e , t en 
readings were taken a t each s i t e over the period of the study, 
May-August 1976. Maximum/Minimum mercury i n g l a s s S i x ' s thermo-
meters were used to determine the nature of the d i u r n a l temper-
ature range i n the springheads, these readings each over 24 
hours were taken three times i n each springhead, a t the s t a r t 
of the study, i n the middle, and towards the end. The temper-
ature p r o f i l e from.the source to end of the springhead zone 
was i n v e s t i g a t e d by means of an e l e c t r o n i c temperature probe 
placed on the s u r f a c e of the substratum. I t was found t h a t i t 
was not p o s s i b l e to read the mercury i n g l a s s thermometers 
a c c u r a t e l y when used f o r t h i s , and to ensure c o n s i s t e n t r e s u l t s 
the probe was c a l i b r a t e d a g a i n s t the thermometer used during 
the r e s t of the study. 
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1.2b Slope/gradient 
The slope over the f i r s t f i v e metres was measured by 
means of ranging p o l e s and a s p i r i t l e v e l , so that a va l u e 
f o r the height through which the water f e l l over t h i s d i s t a n c e 
was obtained. 
1.2c Flow r a t e 
A measure of the flow r a t e was taken a t each s p r i n g s i t e 
using a P i t o t tube. As th e r e were c e r t a i n l y m i c r o h a b i t a t s 
w i t h i n the springhead zone where the flow r a t e would have been 
zero, or even negative (upstream) only one val u e was taken, 
t h a t was the h i g h e s t t h a t could be found i n the zone. The 
extremes were taken to be between zero and the recorded maximum 
va l u e . 
1.2d Discharge/Flow Volume 
The d i s c h a r g e of each s p r i n g was measured t w i c e , once a t 
the beginning of the study ( s p r i n g d i s c h a r g e ) and once a t the 
end of the study (summer d i s c h a r g e ) . The measurements were 
taken by means of a p o r t a b l e 'V-notch* w e i r made of f l e x i b l e 
p l a s t i c . T h i s was b u i l t i n t o the springbrook t e m p o r a r i l y so 
t h a t a l l the water was fo r c e d to flow through the -'V*. The 
angle of the SV S was 90°, and to measure the dis c h a r g e the 
•head* (H) above the t i p of the notch was measured a t a 
d i s t a n c e about 3H upstream (Hynes, 1972). The di s c h a r g e was 
c a l c u l a t e d from the f o l l o w i n g formula: 
Discharge = 0.925 H 2 - 4 7 l . m i n . - 1 When H i s i n c e n t i m e t r e s . 
The use of the *V-notch B weir i s i l l u s t r a t e d i n F i g u r e 4. 
F i g u r e U. 
35cm 
3 v. 
90 
(Q) Diagram showing the dimensions of the 'V-notch' weir. 
/ / 
/ 
(b) Diagram showing how the •V-notch 1 weir was used. 
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1.2e pH 
F i v e readings of pH were taken a t each springhead a t 1 m 
i n t e r v a l s up to the source u s i n g a Pye Model 293 F i e l d pH meter. 
F i v e readings were a l s o taken i n the beck. 
1.2f C o n d u c t i v i t y 
Water samples were c o l l e c t e d from each springhead, and 
the beck, i n screw-topped polythene b o t t l e s and taken back to 
the l a b o r a t o r y . Within two hours of c o l l e c t i o n the c o n d u c t i v i t y 
of the water i n each b o t t l e was measured u s i n g an ' E l e c t r o l y t i c 
C o n d u c t i v i t y Measuring Set - Model MC-1, Mark-V, made by 
E l e c t r o n i c Switchgear L t d . 
1.2g Oxygen l e v e l s i n the water 
Oxygen l e v e l s were taken i n each s p r i n g f i v e times a t 1 m 
i n t e r v a l s up to the source, and f i v e i n the beck between the 
entry p oints of springbrooks S I and S2. The measurements were 
made using a F i e l d Oxygen Meter made by the 'Lakes Instrument 
Company* of Windermere. 
1.2h Water Chemistry 
Water samples were c o l l e c t e d i n s m a l l g l a s s sample b o t t l e s 
t h a t had been a c i d washed i n 15% h y d r o c h l o r i c a c i d f o r 72 hours 
and then r i n s e d f i v e times i n f l a s k d i s t i l l e d water. Two 
samples were c o l l e c t e d from each springhead, and two from the 
beck. The l e v e l s of lead and z i n c were determined by means of 
Atomic Absorption Spectrophotometry using a 'UNICAM SP. 90', 
and the l e v e l of calci u m i n each sample was measured using an 
• E e l Flame Photometer*. 
1.2i The C l a s s i f i c a t i o n of the Substrate 
None of the common s c a l e s , such as the ' p h i - s c a l e * , were 
r e a l l y s u i t a b l e f o r a c l a s s i f i c a t i o n of the springheads t h e r e -
fore a s h o r t d e s c r i p t i o n of the nature of the s u b s t r a t e was 
made i n the f i e l d . 
1.2j A Measure of the V e g e t a t i o n / D e t r i t u s 
A l l the vegetable m a t e r i a l from each sub-sample i n the 
fa u n a l a n a l y s i s was d r i e d a t 80° centigrade to constant weight 
i n the o r i g i n a l sub-sample u n i t s and a value f o r each recorded. 
1.2k F l o r a l a n a l y s i s 
A l i s t of the macrophytes i n each springhead and the beck 
was made, a l s o some i n d i c a t i o n of the abundance of the s p e c i e s 
was attempted. 
1.3 Q u a l i t a t i v e and Q u a n t i t a t i v e Sampling of 
S t a t i o n s down Springbrook 1 
F i v e sub-samples were taken using the net sampler, as i n 
s e c t i o n 1.1 of the methods, a t s t a t i o n s 100 m, 200 m, 300 m 
and 500 m down from the springhead. They were taken back to 
the l a b o r a t o r y and t r e a t e d i n the same way as the previous 
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samples. A temperature p r o f i l e recorded f o r the springbrook 
during the sampling period u s i n g a 0.1° cent i g r a d e mercury i n 
g l a s s thermometer. Short notes on each s t a t i o n were a l s o made. 
1.4 A Frequency A n a l y s i s of Springbrook 2 i n the 
Spring and Summer of 1976 
The essence of the method i s th a t a s e r i e s of samples a r e 
taken i n a l o c a l i t y and the numbers of samples i n which each 
s p e c i e s occur i s noted and converted to a percentage. As w i t h 
the b o t a n i c a l methods each sample covered a f i x e d a r e a . The 
samples were taken as f o l l o w s , a t 2 m i n t e r v a l s from the point 
where the springbrook entered the beck to i t s source. A w i r e 
quadrat 20 cm x 20 cm was pla c e d on the springbrook bed and 
the a r e a w i t h i n i t was searched f o r animals, a hand s i e v e was 
held downstream and a d j a c e n t to the quadrat to c a t c h any animals 
t h a t were dislodged. During the sampling the c o l l e c t o r moved 
a g a i n s t the c u r r e n t t a k i n g a sample every 2 m, being c a r e f u l 
t h a t new a r e a s were not d i s t u r b e d by t a k i n g the previous sample. 
The s p e c i e s found i n each sample were noted. T h i s process was 
o r i g i n a l l y developed by Raunkiaer (1934) a p h y t o s o c i o l o g i s t , he 
used i t to c h a r a c t e r i s e p l a n t communities. Thorup (1970) was 
f i r s t to apply t h i s method of a n a l y s i s to the i n v e r t e b r a t e 
fauna of a s m a l l springbrook. The main d i f f e r e n c e between 
the p r e sent study and h i s i s th a t h i s sample was a * f i s t * 
s i z e d stone; the nature of the s u b s t r a t e i n the springbrook 
of S2 prevented the use of h i s sampling technique. 
The r e l i a b i l i t y of the method depends on the s i z e and 
number of samples taken (Raunkiaer, 1934). I n the present 
study i t was found t h a t t e n 20 cm x 20 cm samples gave a 
c o n s i s t e n t frequency v a l u e f o r the dominating s p e c i e s . A 
frequency a n a l y s i s was c a r r i e d out twice; i n May on the 23rd 
and 24th 1976, and on J u l y the 23rd 1976, one r e p r e s e n t i n g a 
Spring a n a l y s i s , the other a Summer a n a l y s i s . Other f a c t o r s 
were recorded a t each sample s i t e , the temperature, the maximum 
flow r a t e , the nature of the s u b s t r a t e , whether i t was i n the 
shade or i n the open, and what v e g e t a t i o n was growing nearby. 
Shade was due to both the growth of macrophytes and the depth 
to which the springbrook had cut i n t o the substratum, only 
s i t e s of obvious deep shade were recorded a s shade s i t e s . 
1.5 An I n v e s t i g a t i o n i n t o the E f f e c t of Slope/Gradient 
on Community S t r u c t u r e and P h y s i c a l F a c t o r s w i t h i n 
the Springbrook 
T h i s i n v e s t i g a t i o n was c a r r i e d out i n springbrook S6 
because i t provided an i d e a l s i t u a t i o n f o r t h i s type of study. 
The springbrook had been r e - d i r e c t e d by man a number of y e a r s 
ago and i n doing so two d i s t i n c t and very uniform s l o p e s had 
been produced, one about t h r e e times s t e e p e r than the other. 
The net sampler was used t o e x t r a c t twenty samples a t one 
metre i n t e r v a l s working upstream along a 20 m s t r e t c h of each. 
P l a t e 5ashows the st e e p s l o p e , and P l a t e 5b the gradual s l o p e . 
The net sampler was used and samples t r e a t e d as i n the manner 
descr i b e d i n s e c t i o n 1.1 of Chapter 1. Specimens were s o r t e d 
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as p r e v i o u s l y , and p l a n t m a t e r i a l v a s d r i e d to constant weight 
as before. Temperature readings were taken a t each sample 
point, as were measures of pH, oxygen c o n c e n t r a t i o n and maximum 
flow r a t e . Photographs were taken to i l l u s t r a t e the d i f f e r e n t 
nature of the s u b s t r a t e on the two s l o p e s . 
1.6 Comparison of the Net and Bucket Samplers 
A uniform s t r e t c h of the springbrook of S6 was used f o r 
t h i s comparison, j u s t below the shallow slope of the i n v e s t -
i g a t i o n o u t l i n e d i n s e c t i o n 1.5, downstream of a s m a l l road-
bridge. Ten samples were taken w i t h each sampler u s i n g the 
same techniques o u t l i n e d above, the samples were taken working 
upstream using the samplers a l t e r n a t e l y a t i n t e r v a l s of 1 m. 
The samples were t r e a t e d and processed as before. The bucket 
sampler used i n t h i s p a r t of the study had a working s u r f a c e 
area of 312.5 cm , but was i n other r e s p e c t s i d e n t i c a l to t h a t 
used throughout the r e s t of the study. 
1.7 Tr a n s p l a n t Experiment w i t h the l a r v a e of the 
Caddis, Agapetus f u s c i p e s C u r t . 
Because i t was n o t i c e d that c e r t a i n s p e c i e s were present 
i n some springbrooks and absent from others i t was decided 
t h a t a t r a n s p l a n t should be c a r r i e d out. The s p e c i e s Agapetus 
f u s c i p e s was chosen because they were attached to stones which 
could be e a s i l y l a b e l l e d and moved from one springbrook to 
another. S i x stones covered w i t h A. f u s c i p e s were removed 
from springbrook S4 and the number of animals on each counted. 
Three were placed i n springbrook S I , where the s p e c i e s i s not 
found, and t h r e e were placed as a c o n t r o l i n springbrook S5, 
where the s p e c i e s i s common. The l a b e l l e d stones were temp-
o r a r i l y l i f t e d and examined a t i n t e r v a l s . They were c o l l e c t e d 
and t r a n s p o r t e d to the l a b o r a t o r y on J u l y 8th 1976 f o r d e t a i l e d 
examination. 
1.8 A study of the Sex R a t i o s of some Stone-Fly 
Spec i e s and of Gammarus pulex i n the h a b i t a t s 
i n which they occur 
T h i s study was c a r r i e d out on the organisms c o l l e c t e d i n 
the Community Study o u t l i n e d i n s e c t i o n 1.1. The Pl e c o p t e r a n s , 
Nemurella p i c t e t i Klapalek, Nemoura e r r a t i c a C l a s s e n , Capnia 
b i f f o n s Newman and Amphinemura s u l c i c o l l i s Stephens; and the 
Crustacean Gammarus pulex L i n . , were sexed. The numbers of 
each sex were recorded f o r each h a b i t a t . F i g u r e 5 show the 
se x u a l d i a g n o s t i c f e a t u r e s used to d i s t i n g u i s h between males 
and females of each of the above s p e c i e s . 
t 
1.9 A study of the S i z e s of the I n d i v i d u a l s i n the 
Populations of some Stone-Fly S p e c i e s and of 
Gammarus pulex i n the h a b i t a t s i n which they occur 
The animals measured i n t h i s study were the same animals 
and s p e c i e s t h a t formed the b a s i s of the previous study 
( s e c t i o n 1.8). A l l were measured i n the same way. They were 
placed i n a P e t r i d i s h and viewed under a b i n o c c u l a r magnifier, 
F igu re 5 . 
Sexual c h a r a c t e r i s t i c s of the Belected species t 
(a)Amphinemura s u l c i c c l l i e . 
male. female. 
(Tj)Nemurella p i c t e t i . 
male. female. 
(c)Nemoura e r r a t i c a . 
ma^e. female. 
(d)Capnia b i f r o n s . 
male. 
female. 
Diagrams ( a ) to ( c ) show abdomen i n v e n t r a l view, (d) shows abdomen 
i n l a t e r a l view. 
( e ) Gammarus pulex. 
mals. female. 
Diagrams ( e ) show second antennae of both sexes. 
below the d i s h was a p i e c e of 1 mm r u l e d graph paper. Each 
organism was placed i n a s i z e c l a s s from 1 mm to 20 mm ( i . e . 
1, 1-1.9, 2-2.9, e t c . ) . The d i s t r i b u t i o n of the s i z e c l a s s e s 
f o r each s p e c i e s was recorded fox* each h a b i t a t . 
1.10 An a n a l y s i s of the Trophic S t r u c t u r e of the 
Communities i n SIO and S4 
The m a t e r i a l c o l l e c t e d i n the i n i t i a l community study 
(Chapter 1, s e c t i o n 1.1) was used i n t h i s a n a l y s i s . New data 
needed was obtained by c a l c u l a t i n g the dry weight of each 
s p e c i e s , and by measuring the energy content of sub-samples of 
the s p e c i e s p r e s e n t . The dry weights of the i n d i v i d u a l s p e c i e s 
populations were obtained by drying the specimens to constant 
weight a t 80° c e n t i g r a d e . The energy content of each s p e c i e s 
was measured u s i n g a Durham Miniature Bomb C a l o r i m e t e r , the 
use of which i s f u l l y e x p l a i n e d by P h i l l i p s o n (1964). Three 
specimens of each s p e c i e s were *bombed* and energy contents 
f o r each s p e c i e s c a l c u l a t e d i n K. J o u l e s per gram. 
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CHAPTER 2 
RESULTS AND ANALYSIS 
2.1 Community study of the Springheads and Egglestone Beck 
I n t h i s study the community considered i s the i n v e r t e b r a t e 
fauna of the v a r i o u s h a b i t a t s , which f o r t h i s s e c t i o n c o n s i s t e d 
of the ten springheads and the beck. They were analysed by the 
p r e p a r a t i o n of a number of dendrograms i n which c o l l e c t i o n s , i n 
t h i s case communities, can be r e l a t e d to each other a t d i f f e r e n t 
l e v e l s of s i m i l a r i t y . Dendrograms are more o f t e n used to 
r e p r e s e n t genealogies or taxonomic a f f i n i t i e s w i t h i n a s e t of 
r e l a t e d s p e c i e s , and the techniques and l i m i t a t i o n s of drawing 
up dendrograms are d i s c u s s e d by Sokal and Sneath (1963). They 
are a r e l a t i v e l y simple form of c l u s t e r a n a l y s i s , and can be 
produced f o r many d i f f e r e n t i n d i c e s . 
The method used t o produce the dendrograms i n t h i s study 
was Mountford's, i t was d e s c r i b e d by Davis (1963) i n a study 
of s o i l i n v e r t e b r a t e s . Below i s an example of how the dendo-
grams were produced, i t i s much s i m p l i f i e d : 
1. Matrix Formation - s i m i l a r i t y measures between each 
c o l l e c t i o n and a l l the other 
c o l l e c t i o n s a r e organised i n t o a 
matrix. These measures may be of 
the Sorensen type, % s i m i l a r i t y , 
d i v e r s i t y , or evenness s i m i l a r i t y . 
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A B C D 
A - m n o 
B - P q 
C - r 
D 
From t h i s matrix the h i g h e s t value 
i s taken to form the f i r s t dichotomy. 
L e t us suppose i n t h i s i n s t a n c e t h a t 
p i s the highe s t v a l u e . 
The f i r s t dichotomy i s B C a t l e v e l V 
The matrix i s then redrawn with BC a s 
one c o l l e c t i o n . The s i m i l a r i t y f o r 
BC and A i s m+n d i v i d e d by 2, i n other 
words the average of A:C and A:D. 
A BC D 
A - m+n o 
BC - q+r 
2 
D 
The next stage i s to take the highest, 
value from t h i s matrix; l e t us suppose 
t h a t i s o. The next dochotomy then i s 
A D at the l e v e l o and t h i s i s yet V 
u n r e l a t e d to B C produced e a r l i e r . V 
The matrix i s now redrawn w i t h AD as 
one c o l l e c t i o n . 
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2. Dendrogram Formation -
AD BC 
AD - m+n 
2 
BC 
q+r 
2 + ^-z. or AD:BC 
_ m+n+q+r 
Thus the f i n a l r e l a t i o n s h i p i s 
produced AD BC a t a l e v e l m+n+q+r. V 
There only remains to decide whether 
A i s c l o s e r to B or C, or D i s c l o s e r 
t o B or C. The dendrogram i s drawn. 
A D 
S c a l e 
m+n+q+r 
From t h i s i t can be seen t h a t there a r e 
two d i f f e r e n t groups BC and AD. 
The f i r s t stage of the a n a l y s i s was the p r e p a r a t i o n of 4 
community m a t r i c e s , one f o r each of the s i m i l a r i t y v a l u e s 
c a l c u l a t e d , i n which the s i m i l a r i t y measures between each 
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c o l l e c t i o n and a l l other c o l l e c t i o n s were organised i n t o matrix 
form. Four such m a t r i c e s were produced from the t a b u l a t e d data 
f o r each s i t e , t h i s raw data may be found i n the Appendix s e c t i o n 
A . l a . The f i r s t two measures of s i m i l a r i t y were c a l c u l a t e d w i t h 
the a i d of a computer; the programme was w r i t t e n by the author 
and i s to be found i n Appendix s e c t i o n A.lb. The f i r s t c o e f -
f i c i e n t of community computed was Sorensen's Quotient (1948). 
T h i s produced an index value which d e s c r i b e d the s i m i l a r i t y i n 
the s p e c i e s l i s t s of each p a i r of h a b i t a t s compared. Table 1 i s 
the matrix of these v a l u e s , the index was c a l c u l a t e d from the 
f o l l o w i n g formula: 
SQ = 2 j 
a+b 
j = no. of s p e c i e s common to both h a b i t a t s 
a = no. of s p e c i e s i n one h a b i t a t 
b = no. of s p e c i e s i n the other h a b i t a t 
The danger with t h i s and a l l such i n d i c e s , which r e l y on s i m i l -
a r i t y i n terms of s p e c i e s composition, i s t h a t they may over 
v a l u e the r a r e s p e c i e s r e l a t i v e to the dominant ones (Whittaker 
and F a i r b a n k s , 1958). F i g u r e 6 i s the dendrogram t h a t was 
drawn from these data, the f i r s t dichotomy occurred a t an SQ. 
of 0.72 and l i n k e d S I and S2, the second dichotomy was a t an 
SQ. l e v e l of 0.70 and combined S9 and S10. These two groups 
which were most s i m i l a r i n terms of s p e c i e s composition were 
fo r springheads which were g e o g r a p h i c a l l y very c l o s e l y r e l a t e d , 
as w e l l as f a i r l y s i m i l a r i n terms of t h e i r p h y s i c a l and chemical 
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environmental f a c t o r s . C onsidering the geographical r e l a t i o n -
s h i p , i t i s i n t e r e s t i n g to note t h a t S4 was l i n k e d most c l o s e l y 
w i t h S5, and although S3 belongs to another main c l u s t e r group 
i t was a l s o c l o s e l y r e l a t e d i n SQ. terms to the previous two 
springheads. Springheads S7, S6 and S3 j o i n e d the S9/S10 
group at v a l u e s above an SQ. of 0.5, and formed the l a r g e s t 
c l u s t e r i n terms of s p e c i e s s i m i l a r i t y . J u s t below t h i s l e v e l 
S4 and S5 a l s o j o i n e d the group which tended to suggest t h a t 
t h ere was a core of s p e c i e s common to these springheads. The 
Sl / 2 group formed a dichotomy w i t h the main c l u s t e r group (S9/ 
10/7/6/3/4/5) a t an SQ. of 0.41, as did S8. I f we co n s i d e r 
p h y s i c a l and chemical data, p a r t i c u l a r l y the data on pH ( F i g . 
21) and c o n d u c t i v i t y ( F i g . 2 2 ) , some of the c l o s e n e s s of the 
r e l a t i o n s h i p between S I and S2 could be ex p l a i n e d . Springhead 
S8 was not l i n k e d i n s p e c i e s terms to any other springhead 
u n t i l a l l the springheads combined a t the 0.41 SQ. l e v e l . 
T h i s h a b i t a t was very d i f f e r e n t to the other springhead 
h a b i t a t s , i t was s i t u a t e d i n a meadow whereas a l l the r e s t 
were on open moorland. Thus the f l o r a a s s o c i a t e d w i t h t h i s 
s p r i n g was very d i f f e r e n t to th a t i n the other springheads 
and c o n s i s t e d mainly of encroaching broad leaved g r a s s e s . 
Molluscs were a l s o a f e a t u r e of t h i s h a b i t a t , and t h i s may 
have been due to the high pH and high l e v e l of calcium i n the 
water. Both previous f a c t o r s may have been due to a g r i c u l t u r a l 
management or geochemical f a c t o r s . A l l the springheads did 
form a major c l u s t e r group before the beck entered the a n a l y s i s 
a t an SQ. l e v e l of 0.27. T h i s i n f e r s t h a t the springhead 
h a b i t a t s were more s i m i l a r to each other, i n terms of s p e c i e s 
s i m i l a r i t y , than the beck. Even the springhead which was the 
most 'abnormal 8 f o r the study a r e a , S8, was more c l o s e l y l i n k e d 
to the other springheads than the beck. T h i s a n a l y s i s does 
tend to i n d i c a t e t h a t there was a group of s p e c i e s t h a t were 
common to a l l the springheads some of which a r e not found i n 
the beck. 
The second c o e f f i c i e n t of s i m i l a r i t y t h a t was computed 
was t h a t of Percentage S i m i l a r i t y . T h i s i s based on a comp-
a r i s o n of the communities i n terms of the numbers of i n d i v i d u a l s 
of the v a r i o u s s p e c i e s ; a s such, i t p l a c e s the emphasis on the 
dominant s p e c i e s (Raabe, 1952). I t t h e r e f o r e compares the 
communities as the SQ. d i d but takes i n t o account the r e l a t i v e 
abundances of the s p e c i e s . I t was obtained by adding up the 
s m a l l e r of the two percentage composition f i g u r e s (one f o r each 
community) of each s p e c i e s . For example: 
SPECIES 
A 
B 
C 
D 
E 
F 
15 0 15 10 5 O 45% S i m i l a r i t y between 
h a b i t a t s L and M. 
HABITAT L. 
50 
20 
15 
10 
_5 
_0 
100% 
HABITAT M. 
15 
_0 
50 
10 
5 
20 
100% 
The s i m i l a r i t y v a l u e s may be found i n the form of a matrix 
(Table 2) which was used to produce a second dendrogram 
(Fig u r e 7 ) . The l e v e l s of s i m i l a r i t y i n t h i s dendrogram were 
d i f f e r e n t to those i n the f i r s t and so were the c l u s t e r s 
produced, because t h i s time the b i a s was i n favour of the 
dominant s p e c i e s . The d i f f e r e n t c l u s t e r i n g of the h a b i t a t s 
may r e f l e c t the f a c t t h a t d i f f e r e n t springheads were more 
s u i t a b l e f o r the n u m e r i c a l l y dominant s p e c i e s . I t i s of use 
at t h i s point to c o n s i d e r F i g u r e s 1 0 ( a ) , (b) and ( c ) , which 
i l l u s t r a t e the percentage composition of the f a u n a l groups at 
the 11 major study s i t e s , these help to e x p l a i n the new groupings. 
Springheads S I and S2 were again very c l o s e l y l i n k e d w i t h a 
Percentage S i m i l a r i t y of 57%, t h i s i n d i c a t e d t h a t they were 
s i m i l a r i n both s p e c i e s composition and i n the numbers of the 
v a r i o u s s p e c i e s . T h i s i s not s u r p r i s i n g as they a r e perhaps 
the most s i m i l a r h a b i t a t s a s F i g u r e s 12 to 20 show. I n t h i s 
dendogram ( F i g . 7 ) there i s not the same c l u s t e r i n g which i n 
F i g u r e 6 tended to i n d i c a t e t h a t geography and a l t i t u d e might 
be major f a c t o r s a f f e c t i n g h a b i t a t s i m i l a r i t y . Two main 
c l u s t e r s a r e v i s i b l e , Sl/2/5/8/10 and S4/7/6/3, S9 seemingly 
r a t h e r d i f f e r e n t to the other springheads i n terms of the 
Percentage S i m i l a r i t y , perhaps because i t was dominated almost 
e q u a l l y by t h r e e groups of organisms, P l e c o p t e r a , D i p t e r a and 
T r i c h o p t e r a . I t d i d form a dichotomy w i t h the r e s t of the 
springheads at a Percentage S i m i l a r i t y of 30.12% j u s t before 
the dichotomy of a l l the springhead h a b i t a t s w i t h the beck a t 
the 22.35% l e v e l . 
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T h i s a n a l y s i s , as d i d the previous one, tended to i n d i c a t e 
t hat the springhead h a b i t a t s were s i m i l a r to each other i n terms 
of Percentage S i m i l a r i t y a t v a r y i n g l e v e l s , but t h a t they had 
more i n common w i t h each other, using t h i s index, than w i t h 
the beck. Perhaps i n t h i s case the presence of c e r t a i n h i g h l y 
favourable m i c r o h a b i t a t s f o r c e r t a i n f a u n a l groups was a major 
f a c t o r i n forming the p a t t e r n of c l u s t e r produced by the 
a n a l y s i s . 
Another d i s t i n c t approach to community a n a l y s i s i s the 
use of rank c o r r e l a t i o n methods K e n d a l l * s Rank C o r r e l a t i o n 
C o e f f i c i e n t s were computed f o r each h a b i t a t with every other 
using a computer programme, adapted from the BMD programme 
BMDE3S, c a l l e d NONPAR. The c o e f f i c i e n t s a r e to be found i n 
Table 3, and the dendrogram produced from them i s F i g u r e 8. 
T h i s a n a l y s i s was used i n a d d i t i o n to the two previous a n a l y s e s 
because i t was found to be p o s s i b l e to apply p r o b a b i l i t y 
measures to the c o e f f i c i e n t s . The rank c o r r e l a t i o n c o e f f i c i e n t , 
Tau, i s defined by the formula: 
Tau (T) = ? S ... 
n ( n - l ) 
where S i s the ' t e s t s t a t i s t i c * and n i s the number of p a i r s 
of o b s e r v a t i o n s . To t e s t whether the c o r r e l a t i o n i s s i g n i f i c a n t , 
t h a t i s to t e s t t h a t the orderings of x and y were independent 
S was obtained u s i n g the formula above, the value below was 
then c a l c u l a t e d using the formula: 
S /18 
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and the s i g n i f i c a n c e determined by t r e a t i n g t h i s q u a n t i t y as 
approximately a st a n d a r d i z e d normal d e v i a t e (5 per cent s i g -
n i f i c a n c e i f i t exceeded 1.960, 1 per cent i f i t exceeded 
2.576 and 0.1 per cent i f i t exceeded 3.291). From F i g u r e 8 
i t was observed t h a t S I and S2 were again very c l o s e l y l i n k e d , 
when the above s t a t i s t i c a l procedure was c a r r i e d out the 
c o r r e l a t i o n was found to have a s i g n i f i c a n c e of 0.1 per cent. 
In t h i s dendrogram two main groups of springhead h a b i t a t s 
emerged, Sl/2 / 5 and S7/10/9/6/3/4. When the t e s t s t a t i s t i c 
and the sta n d a r d i z e d normal d e v i a t e v a l u e s were c a l c u l a t e d i t 
was found t h a t the c o r r e l a t i o n f o r the extremes of the f i r s t 
group, S1-S5, had a s i g n i f i c a n c e of 0.1 per cent; the c o r r e l -
a t i o n f o r the extremes of the second group, S7-S4 a l s o had a 
s i g n i f i c a n c e of 0.1 per cent. T h i s i n d i c a t e d t h a t the commun-
i t i e s present were very s i m i l a r w i t h i n these two c l u s t e r groups. 
The c o r r e l a t i o n between S5 and S4, the two c l o s e s t h a b i t a t s from 
the main c l u s t e r groups was found to have a 0.1 per cent s i g n i f -
icance; t h i s i n d i c a t e d t h a t d e s p i t e there being two main c l u s t e r s 
a t l e a s t the extremes of both were very s i m i l a r . However, when 
the c o r r e l a t i o n between S8, the springhead h a b i t a t t h a t d i d not 
enter e i t h e r one of the major c l u s t e r s , and S4 was t e s t e d the 
s i g n i f i c a n c e was found to be 5 per cent, s t i l l a s i g n i f i c a n t 
c o r r e l a t i o n . I t i s very i n t e r e s t i n g to note t h a t the c o r r e l -
a t i o n between S8 and B was not s i g n i f i c a n t , n e i t h e r was t h a t 
between S I and B, as would be expected from t h e i r obvious 
d i f f e r e n c e s (see F i g s . 12 to 2 0 ) . T h i s a n a l y s i s , though i t 
produced s l i g h t l y d i f f e r e n t c l u s t e r groups to those p r e v i o u s l y 
J O 
observed, did again tend to suggest t h a t the s p r i n g s were more 
s i m i l a r to each other i n terms of community than to the beck, 
and t h a t some s p r i n g s were very c l o s e l y r e l a t e d to each other, 
w h i l s t being l e s s c l o s e l y r e l a t e d to o t h e r s . T h i s i n d i c a t e d 
again the p o s s i b i l i t y of a core group, of what might be creno-
biont s p e c i e s , forming the b a s i s of the springhead community. 
The f i n a l index used to a n a l y s e the community s t r u c t u r e of 
the ten springhead h a b i t a t s and the beck was the Shannon Index 
of D i v e r s i t y (Shannon, C. E. and Weaver, W., 1963), H, which 
was c a l c u l a t e d from the formula: 
S 
H = p i log p i 
i = l 
Where: p i i s the proportion of the t o t a l of 
the i t n s p e c i e s . 
S i s the number of s p e c i e s . 
D i v e r s i t y i n d i c e s may be used comparatively or to measure 
s i m i l a r i t y . One s i n g l e parameter i s produced d e s c r i b i n g the 
composition and s t r u c t u r e of the community. Thus to compare 
the s i m i l a r i t y between two or more communities i n terms of 
t h e i r d i v e r s i t y one index must be taken from the other and 
then, to make a value which i s bigger i f the communities a r e 
more s i m i l a r the a b s o l u t e d i f f e r e n c e between them must be taken 
from 1. e.g.: 
S i m i l a r i t y based on the d i v e r s i t y . 
= 1 - DI - DI, 
of two communities j and k i J i 
V e r t i c a l l i n e s means the absolute d i f f e r e n c e , DI = 
d i v e r s i t y index. 
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Table 4 i s a matrix of d i v e r s i t y s i m i l a r i t y f o r the 11 major 
study s i t e s , and F i g u r e 9 i s the dendrogram t h a t was produced 
from the data i n i t . From the dendrogram i t appears t h a t there 
ar e four c l u s t e r s of c l o s e l y r e l a t e d communities i n terms of 
d i v e r s i t y s i m i l a r i t y , B/S7, S6/2/10, Sl/4/3/5 and S8/9. 
Considering the p h y s i c a l and chemical f a c t o r s t h a t were 
measured ( F i g s . 12 to 20) there seem to be few obvious reasons 
f o r the grouping, though the i n d i v i d u a l d i v e r s i t y i n d i c e s do. 
Springheads S8 and S9 had the highest l e v e l s of d i v e r s i t y , 
2.3284 and 2.4729 r e s p e c t i v e l y . The Sl/4/3/5 group had the 
lowest measures of d i v e r s i t y they are i n the order above, 
1.6376, 1.4562, 1.5568 and l a s t l y 1.5275. The other two groups 
were intermediate w i t h v a l u e s ranging from the beck w i t h 1.7916, 
to S10 w i t h a v a l u e of 1.9484. From t h i s a n a l y s i s i t can be 
seen there was a narrow range of d i v e r s i t y i n the h a b i t a t s 
i n v e s t i g a t e d i n the v a l l e y , and t h a t some h a b i t a t s had a great 
dea l of s i m i l a r i t y a s measured by means of the Shannon Index 
of D i v e r s i t y . The only obvious ; ^ l a t i o n s h i p between any of 
the h a b i t a t c l u s t e r s produced i n t h i s a n a l y s i s i s the f a c t 
t h a t the S3/4 and 5 group a r e s p r i n g s that are c l o s e l y l i n k e d 
i n a number of ways, i n p a r t i c u l a r a l t i t u d e , c l o s e proximity 
to each other, pH and oxygen l e v e l s . Other measures of 
d i v e r s i t y may be found i n the Appendix s e c t i o n l c . 
In F i g u r e 1 0 ( a - c ) the percentage composition of the fauna 
i n each of the h a b i t a t s i s shown i n terms of the major taxonomic 
groups, from these diagrams the dominant gro u p ( s ) i n the * Spring' 
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community may be i d e n t i f i e d . For groups whose a d u l t stage i s 
not a q u a t i c t h e r e must be f a i r l y dramatic changes i n t h e i r 
importance v a l u e s i n the community, t h e r e f o r e i f r e s e a r c h was 
c a r r i e d out a s e a s o n a l p a t t e r n of community would probably 
emerge. The percentages from which F i g u r e s 10 were produced 
a r e to be found i n Table 5. 
An estimate of the Niche Breadth of the e i g h t s p e c i e s of 
s t o n e f l y has been made. T h i s parameter g i v e s an idea of the 
nature of the s p e c i e s - whether i t i s more s p e c i a l i s e d and 
l i m i t e d or whether i t i s wide ranging. The p r e f i x e s •steno' 
and *eury* a r e used to d e s c r i b e the two extremes. For i n s t a n c e 
a eurythermal s p e c i e s would be one t h a t i s t o l e r a n t of a wide 
range of temperatures. The niche breadth of the s t o n e f l i e s was 
c a l c u l a t e d from the formula: 
B i = ^ T h 2 
Where: B i i s the niche breadth of the i * n s p e c i e s . 
P i h i s the frequency of the i * n s p e c i e s i n 
the h t h h a b i t a t . 
As the number of h a b i t a t s i n any study i s v a r i a b l e , B^ i s 
u s u a l l y d i v i d e d by the t o t a l number of h a b i t a t s being examined, 
and i n t h i s work each v a l u e c a l c u l a t e d using the above formula 
was d i v i d e d by 11. 
The frequency v a l u e s f o r the s t o n e f l y s p e c i e s a r e shown 
i n Table 6, and the c a l c u l a t e d v a l u e s f o r niche breadth i n 
Table 7. The niche breadth measure condenses data r e l a t e d to 
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Table 7. Niche Breadth of S t o n e f l y 
Species 
Code Sto n e f l y Niche 
No. Specie s Breadth 
Amphinemura Q ^ 
s u l c i c o l l i s 
8 Brachyptera 
r i s i 
S aP n i a 0.55 b i f r o n s 
i° £ ™ ? ? ™ a ° - 1 6 
torrentium 
11 L e u c t r a 0.09 inermis 
12 L e u c t r a 0.26 n i g r a 
13 Nemoura 0.27 e r r a t i c a 
14 Nemurella 0.20 p i c t e t i 
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the numerical importance of a s p e c i e s i n a number of h a b i t a t s 
and i s thus a measure of i t s s u c c e s s i n invading a l a r g e range 
of h a b i t a t s . Those s p e c i e s w i t h a high niche breadth, such a s 
Capnia b i f r o n s Newman, ar e a b l e to e x i s t i n a l a r g e range of 
h a b i t a t s and would be termed eurytopes, whereas s p e c i e s such 
as L e u c t r a inermis Kempny have a s m a l l niche breadth and a r e 
stenotopes. Other s p e c i e s f e l l between these extremes. 
Niche Overlap between the s t o n e f l y s p e c i e s was considered 
next, t h i s i s a measure of the s i m i l a r i t y between s p e c i e s i n 
terms of t h e i r niche requirements. Not s u r p r i s i n g l y , t h e r e f o r e , 
the dendrogram (Fi g u r e 11) i n d i c a t e s a s i m i l a r i t y i n the r e q u i r e -
ments of those s p e c i e s which l i v e d i n the g r e a t e s t numbers i n 
the same h a b i t a t . T h i s s t a t i s t i c , D, gave an i n d i c a t i o n of the 
amount of j o i n t use of a resource by two or more s p e c i e s . I n 
p r a c t i c e the parameter D should be a measure of the d i s t a n c e 
between two s p e c i e s whose p o s i t i o n has been p l o t t e d i n a m u l t i -
dimensional coordinate frame whose co o r d i n a t e s were measures of 
a s p e c t s of the n i c h e . Thus i f the niche o v e r l a p i s s m a l l the 
e c o l o g i c a l d i s t a n c e between the two s p e c i e s being considered 
i s a l s o s m a l l and so there i s c o n s i d e r a b l e j o i n t use of a v a i l -
a b l e r e s o u r c e s . Niche o v e r l a p f o r the s t o n e f l i e s was c a l c u l a t e d 
by: 
2 ( P i h - P j h ) 
where: P i h was the frequency of the i t n s p e c i e s i n 
h a b i t a t h and P j h was the frequency of the 
j t h s p e c i e s i n h a b i t a t h. 
Table 8. Species Matrix f o r P l e c o p t e r a i n Terms of 
Niche Overlap 
Species 7 8 9 10 11 12 13 14 
Code 
7 0.76 0.63 0.77 0.90 0.25 0.67 0.73 
8 0.52 0.46 0.87 0.66 0.64 0.70 
9 0.45 0.70 0.45 0.34 0.47 
10 0.88 0.67 0.58 0.71 
11 0.72 0.52 0.72 
12 0.48 0.51 
13 0.47 
14 
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I n the niche o v e r l a p dendrogram three groups of s t o n e f l y 
appear, the s p e c i e s 9/13/14 group were perhaps the most 
cosmopolitan group, the s p e c i e s 7/12/11 group were a l s o 
springhead d w e l l e r s , whereas the s p e c i e s 8/10 group were 
s t o n e f l i e s t h a t were most abundant i n the beck. The s p e c i e s 
t h a t had the h i g h e s t niche breadths were s p e c i e s t h a t l i n k e d 
the i n d i v i d u a l h a b i t a t s i n the s i m i l a r i t y dendrograms. 
2.2 Measurement of P h y s i c a l and Chemical 
F a c t o r s a t the s i t e s 
F i g u r e s 12 to 20 summarise the parameters t h a t were 
measured and should be s t u d i e d i n c o n j u n c t i o n w i t h other 
a n a l y s e s . R e s u l t s of the chemical a n a l y s i s may be found i n 
F i g u r e 14. 
2.2a A measure of the V e g e t a t i o n / d e t r i t u s 
The r e s u l t s of t h i s i n v e s t i g a t i o n a r e to be found i n the 
Appendix s e c t i o n A.2J. When the amount of primary producer 
m a t e r i a l was c o r r e l a t e d w i t h the numbers of h e r b i v o r e s and 
d e t r i t i v o r e s i n each h a b i t a t a c o r r e l a t i o n c o e f f i c i e n t of 
0.7004 was obtained. T h i s p o s i t i v e c o r r e l a t i o n had a prob-
a b i l i t y of 0.02 with 10 degress of freedom, which means that 
the c o r r e l a t i o n between the v a r i a b l e s was s i g n i f i c a n t a t the 
2% l e v e l . Therefore an i n c r e a s e d amount of v e g e t a t i o n / d e t r i t u s 
was c o r r e l a t e d w i t h an i n c r e a s e d number of h e r b i v o r e s and 
d e t r i t i v o r e s i n the h a b i t a t s s t u d i e d . 
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2.3 Q u a l i t a t i v e and Q u a n t i t a t i v e sampling of 
S t a t i o n s down the springbrook of SI 
The data from which t h i s a n a l y s i s was d e r i v e d can be found 
i n the Appendix s e c t i o n A.3a, although histograms showing the 
lo g . of the numbers of organisms i n the v a r i o u s s p e c i e s , or 
groups, form F i g u r e 24 i n t h i s s e c t i o n of the study. The form 
of a n a l y s i s used f o r t h i s data was as i n s e c t i o n 2.1 of t h i s 
c h a p t e r . F i r s t l y a community matrix and dendogram were drawn 
f o r Sorensen*s Quotient to e s t a b l i s h the r e l a t i o n s h i p s between 
the v a r i o u s s t a t i o n s and the springhead, defined a s the 5 metres 
of springbrook, i n terms of s p e c i e s s i m i l a r i t y . These are 
i l l u s t r a t e d i n F i g u r e 21. The dendrogram shows t h r e e groups, 
S I , the springhead i t s e l f , S t l / S t 2 , and St3/St4. The highest 
degree of s p e c i e s s i m i l a r i t y occurred between S t l and St2 t h e i r 
dichotomy was a t an SQ. (Sorensen's Quotient) l e v e l of 0.86, 
t h i s was not unexpected a s the s i t e s were very s i m i l a r i n many 
r e s p e c t s , and of course they were nearer to each other than 
other s i t e s , e s p e c i a l l y when d i r e c t i o n of water flow i s 
consid e r e d . S t a t i o n s St3 and St4 were a l s o c l o s e l y r e l a t e d 
w i t h an SQ. v a l u e of 0.75. A l l the s t a t i o n s formed a dichotomy 
a t an SQ. l e v e l of 0.6, they were t h e r e f o r e a l l very s i m i l a r i n 
terms of the s p e c i e s p r e s e n t . I t i s i n t e r e s t i n g t h a t the 
dichotomy w i t h a l l the s t a t i o n s and the springhead was a t q u i t e 
a low l e v e l of s i m i l a r i t y , t h i s again tends to suggest t h a t 
there was a core of s p e c i e s t h a t were confined t o the springhead 
h a b i t a t . The order i n which the ot h e r s c l u s t e r out suggests t h a t 
a r e l a t i o n s h i p e x i s t s between adjacent h a b i t a t s , e s p e c i a l l y 
(a)Community Matrix. 
Habitats SI. 
SI. 
S t . l 
St. 2 
St. 3 
St. 4 
S t . l St. 2 St. 3 St. 4 
0.27 0.35 0.63 0.70 
0.86 0.50 0.40 
0.56 0.45 
0.75 
(b)Community Dendrogram. 
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Figure 21. Community Matrix for Sorensen's Quotient 
of Similarity and Community Dendrogram showing the relationship 
between one habitat and another i n the springhead and springbrook 
of SI. 
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w i t h i n the springbrook, but to a l e s s e r extent between the 
springhead and i t s adjacent h a b i t a t . I n f a c t i n terms of SQ. 
the springhead was more c l o s e l y r e l a t e d to other springheads 
than to s t a t i o n s on i t s own springbrook. 
Secondly a matrix and a dendrogram were produced f o r 
Percentage S i m i l a r i t y ( F i g u r e 22) which show the s i m i l a r i t y of 
the h a b i t a t s i n terms of the dominant s p e c i e s . The s t a t i o n s 
St3 and St4 were again found t o be c l o s e l y l i n k e d , but s t a t i o n s 
S t l and St2 were now found to be d i s s i m i l a r . S t a t i o n St2 was a 
s i t e favoured by sheep f o r d r i n k i n g , and because of t h i s appeared 
to provide a h a b i t a t w e l l s u i t e d to some s p e c i e s but not to 
o t h e r s , Annelids and Chironomids probably account f o r the 
d i f f e r e n c e s i n the second s t a t i o n s p o s i t i o n i n F i g . 22b. The 
other h a b i t a t s a g a i n appear to c l u s t e r out according to t h e i r 
c l o s e n e s s i n the f i e l d , but again there was a c o n s i d e r a b l e 
d i f f e r e n c e i n s i m i l a r i t y between the springhead and the s t a t i o n s 
along the springbrook. 
F i n a l l y the Shannon Index of d i v e r s i t y was c a l c u l a t e d f o r 
each s t a t i o n and the springhead (these i n d i c e s and other i n d i c e s 
of d i v e r s i t y c a l c u l a t e d may be found i n the Appendix s e c t i o n 
A.3b), these v a l u e s were used to produce a matrix of d i v e r s i t y 
s i m i l a r i t y and dendrogram F i g u r e s 2 3 ( a ) and (b) r e s p e c t i v e l y . 
S t a t i o n St4 and S I were found to have the highest degree of 
d i v e r s i t y s i m i l a r i t y , the former had an ,H I v a l u e (Shannon 
Index) of 1.5935, w h i l s t the l a t t e r had an »H» val u e of 1.6376. 
These were the two h a b i t a t s with the highest d i v e r s i t y index, 
they were a l s o the most s t a b l e of the h a b i t a t s a t t h i s s p r i n g 
(a)Communit,y Matrix. 
Habitats SI. S t . l St. 2 St. 3 St. 4 
SI. 51 32 64 64 
S t . l 44 78 75 
St. 2 33 32 
St. 3 90 
St. 4 
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s i t e and the l a r g e s t . S t a t i o n St2 was c l o s e to them i n terms 
of d i v e r s i t y s i m i l a r i t y , but S t l and St3 had *H» v a l u e s much 
lower a t 1.1637 and 1.3200 r e s p e c t i v e l y . I n f a c t the a c t u a l 
range of d i v e r s i t y v a l u e s was not g r e a t . The Shannon Index 
tends to favour the r a r e s p e c i e s , i n the Appendix the Simpson 
Index i s given f o r the same communities, t h i s index i s weighted 
i n favour of the common s p e c i e s . The former was chosen f o r use 
i n the a n a l y s i s because i n the springhead and springbrook i t i s 
perhaps r a r e s p e c i e s t h a t d e l i m i t the v a r i o u s communities. 
2.4 A Frequency A n a l y s i s of S2 and i t s Springbrook i n 
the Spring and Summer of 1976. ( P l a t e 4 shows s i t e 
i n Summer) F i g u r e s 31 and 32 show the r e s u l t s 
Lumbricidae: 
These were much more abundant i n the Spring and were 
commonest i n a r e a s where the springbrook was weeded up and 
muddy. I n the Summer they were s t i l l present i n two of the 
a r e a s but none were found i n the springhead. 
Amphinemura s u l c i c o l l i s Stephens: 
I n the Spring the frequency of t h i s s p e c i e s was high i n 
the upper p a r t of the springbrook and was not found below 
sample s i t e 60, whereas i n the Summer the s i t u a t i o n was re v e r s e d , 
i t was only present below sample s i t e 60 and i t s frequency was 
much lower. Conditions of temperature were very d i f f e r e n t a t 
t h i s l e v e l , the amplitude of the range being much g r e a t e r . 
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Capnia b i f r o n s Newman: 
T h i s s t o n e f l y was common i n both the lower and upper p a r t s 
of the springbrook as w e l l as being present a t low f r e q u e n c i e s 
over much of the r e s t . No specimens of t h i s s p e c i e s were found 
i n the Summer samples, t h i s may have been due to the emergence 
period o c c u r r i n g between the two frequency a n a l y s e s . 
C h l o r p e r l a t r i p u n c t a t a S c o p o l i : 
Was only found i n the Spring samples and had a very r e s t -
r i c t e d d i s t r i b u t i o n . I t was only found i n the rough steep 
stoney p a r t of the springbrook below the road. T h i s was a 
very u n s t a b l e a r e a s u b j e c t to r a p i d e r o s i o n which may e x p l a i n 
i t s absence i n the Summer samples, although i t s emergence time 
was between samplings. 
L e u c t r a n i g r a O l i v i e r : 
T h i s s p e c i e s was present i n Spring and Summer, i t was 
evenly d i s t r i b u t e d throughout the springbrook, except f o r the 
head r e g i o n , i n the e a r l y a n a l y s i s , but was r e s t r i c t e d to the 
mid r e g i o n s of the springbrook a t a s i m i l a r frequency i n the 
Summer a n a l y s i s . The mid r e g i o n included the m a j o r i t y of the 
shade h a b i t a t . 
Nemoura e r r a t i c a C l a a s s e n and Nemurella p i c t e t i K lapalek: 
Both s p e c i e s had high f r e q u e n c i e s i n the Spring, the 
former being most evenly d i s t r i b u t e d and the l a t t e r being a t 
i t s h i g h e s t frequency i n the springhead. I n the Summer the 
former was absent from the lower part of the springbrbok and 
a t reduced frequency i n the upper rea c h e s . The l a t t e r s p e c i e s 
was s t i l l present a t high f r e q u e n c i e s , but i t s d i s t r i b u t i o n 
was r e s t r i c t e d t o the mid and head reg i o n s of the springbrook. 
V e l i a c a p r a i Tamanini: 
T h i s c a r n i v o r e was much more frequent i n the Summer 
sampling, i t s frequency was low i n the harsh rocky h a b i t a t 
below the road and very high i n the mid regions where open 
water favoured i t s way of l i f e . I t s frequency f e l l s t e a d i l y 
towards the springhead where i t was absent. 
The T r i c h o p t e r a n Larvae Stenophylax s t e l l a t u s C u r t . , 
Sericostoma personatum Spence, and Anabola nervosa C u r t . : 
Were a l l found at f a i r l y low f r e q u e n c i e s t h a t changed 
l i t t l e between the two samplings. T h e i r d i s t r i b u t i o n was 
i r r e g u l a r and they were almost always found i n open a r e a s 
where the s u b s t r a t e was of a stone/sand type. 
Plectrocnemia conspersa C u r t . : 
I n both a n a l y s e s t h i s l a r v a did not appear u n t i l above 
sample s i t e 50, i t was t h e r e f o r e r e s t r i c t e d to t h e upper p a r t 
of the springbrook. The animals were l a r g e r i n the Summer 
samples and appeared to be more abundant. 
D y t i s c i d L a r v a e : 
Of the two s p e c i e s recognised the f i r s t seemed to have 
h i g h e s t frequency and the g r e a t e s t abundance, i t was f a i r l y 
e venly d i s t r i b u t e d throughout the springbrook i n both Spring 
and Summer. S p e c i e s 2, which was l e s s than h a l f the s i z e of 
the former, was more widely d i s t r i b u t e d i n the Spring and was 
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present a t low frequency up as f a r as sample s i t e 80, but i n 
the Summer i t s range did not appear to extend beyond sample 
s i t e 40. I t was s t i l l present where i t s frequency had been 
very high, but at a much reduced l e v e l . 
Coleoptera a d u l t s , such as Agabus b i p u s t u l a t u s L, 
Hydrobius f u s c i p e s L and P h i l y d r u s spp. 
H. f u s c i p e s was found a t very low f r e q u e n c i e s i n the lower 
and upper reaches i n the Summer, w h i l e A. b i p u s t u l a t u s was found 
only i n the Spring, when i t was most frequent i n the lower t h i r d 
of the springbrook, but present a t low frequency i n the mid and 
upper r e g i o n s . The P h i l y d r u s spp. b e e t l e was very frequent i n 
the samples between s i t e s 50 and 80 i n the Summer, whereas i n 
the Spring i t was found a t a lower frequency over a much g r e a t e r 
range. 
Chironomid l a r v a e : 
S p e c i e s 1 was cosmopolitan and was a t a f a i r l y high frequency 
throughout the springbrook a t both times, whereas s p e c i e s 2 and 
3 seem to have been r e s t r i c t e d t o the upper end of the s p r i n g -
brook, s p e c i e s 3 may w e l l have been a s s o c i a t e d w i t h sphagnum 
moss. 
The d i p t e r o u s l a r v a e , Dicranota spp. and P e d i c i a r i v o s a L i n n . : 
Were both more frequent and widespread i n d i s t r i b u t i o n i n 
the s p r i n g samples. 
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Simulium l a r v a e and pupae: 
Had a s i m i l a r d i s t r i b u t i o n i n both Spring and Summer, 
but the frequency of the l a r v a e i n the Summer was much g r e a t e r 
than i n Spring, i t i s i n t e r e s t i n g t h a t very high f r e q u e n c i e s 
were not reached i n springhead r e g i o n . 
B e e t i s rhodani P i c t e t : 
T h i s s p e c i e s was not found i n the Spring samples, but 
was present throughout the lower part of the springbrook i n 
the Summer and reached high f r e q u e n c i e s i n the samples from 
30 to 45. 
Odontocerum a l b i c o r n e S c o p o l i : 
T h i s caddis s p e c i e s was only found i n the Summer i n the 
upper reaches of the springbrook and was present a t low frequency 
i n the springhead i t s e l f . 
The temperature p r o f i l e s show i r r e g u l a r i t i e s which were 
due to the inflow of other streams of water, f o r i n s t a n c e a t 
sample point 85 i n the Summer p r o f i l e there was a s u b s t a n t i a l 
inflow a t 7°C. As the samples were taken a t 2 metre i n t e r v a l s , 
i f the sample numbers a r e m u l t i p l i e d by 2, d i s t a n c e s i n metres 
may be obtained. 
2.5 An i n v e s t i g a t i o n i n t o the e f f e c t of Slope/Gradient 
on the communities of a steep and a gen t l e s l o p e i n 
the springbrook of S6 
The t a b l e s of raw data f o r t h i s i n v e s t i g a t i o n may be found 
i n the Appendix s e c t i o n A.5. When the two communities were 
compared i n terms of t h e i r s p e c i e s composition by the c a l c u l a t i o n 
Figure 25. Frequency values of species along springbrook SI., 
May 23rd. and May 24th. 1576. 
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of Sorensen's Quotient, as i n s e c t i o n 2.1 of chapter 2, an SQ. 
va l u e of 0.74 was obtained, which meant t h a t they were very 
s i m i l a r , but by no means the same i n terms of s p e c i e s . The 
Percentage S i m i l a r i t y was then c a l c u l a t e d as before and a 
va l u e of 74.6% s i m i l a r i t y was obtained, again a d i f f e r e n c e of 
importance between the two communities. The computer was used 
to produce a K e n d a l l Rank C o r r e l a t i o n C o e f f i c i e n t f o r the two 
communities which had a value of 0.30. The c a l c u l a t e d t e s t 
s t a t i s t i c 'S 1 was 121.8 and when the 'standardised normal 
d e v i a t e ' was c a l c u l a t e d i t was found to be 2.28, as t h i s v a l u e 
exceeded 1.960 the Rank C o r r e l a t i o n has a 5 per cent s i g n i f i c a n c e . 
I t seems t h a t i n terms of community s t r u c t u r e the two 
s l o p e s were very s i m i l a r , i n f a c t the major d i f f e r e n c e seemed 
to be the s i z e of the communities, on the g e n t l e slope the 
t o t a l number of organisms i n the sample was 909, and i n the 
sample from the s t e e p slope the t o t a l number was more than 
t w i c e t h a t , 1878 animals. F i g u r e s 2 7 ( a ) and 27(b) compare the 
percentage composition and the numbers of the major groups of 
organisms i n each community, from these the underlying s i m i l -
a r i t y of the two communities i s q u i t e c l e a r . C e r t a i n s p e c i e s / 
groups were favoured s l i g h t l y by one or the other, the T r i c l a d i d a 
being an obvious example. 
P l a t e 5 shows the d i f f e r e n t nature of the s u b s t r a t e on the 
two s l o p e s . The temperature of the water on both s l o p e s v a r i e d 
between 8.9°C and 8.4°C, and the flow maxima were s i m i l a r on 
both a l s o . 
Figures 27. Comparison of the Communities of Different Slopes* 
(a)Percentage Composition, (b)Logarithm of number 
of organisms in the sample. 
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2.6 A comparison of the Net and Bucket samplers. 
The data f o r t h i s comparison of samplers may be found i n 
the Appendix s e c t i o n A.6. 
The computer was used to c a l c u l a t e a Kendall Rank C o r r e l a t i o n 
C o e f f i c i e n t f o r the two communities, and a c o r r e l a t i o n c o e f f i c i e n t 
of 0.68 was obtained. The t e s t s t a t i s t i c TS* was c a l c u l a t e d to 
be 590.57, and when the 'st a n d a r d i s e d normal d e v i a t e * was 
c a l c u l a t e d i t was found to be 10.53. As i t s value exceeded 
3.291 the c o r r e l a t i o n has a s i g n i f i c a n c e of 0.1 per cent . 
There was t h e r e f o r e very l i t t l e d i f f e r e n c e i n the two communities 
sampled by the two d i f f e r e n t methods, and a s they were used to 
sample what was presumably one community, the e f f i c i e n c y of the 
two methods must have been very much the same when used under 
the same c o n d i t i o n s . They were not normally used under the 
same c o n d i t i o n s which was why two types of sampler were used. 
The r e s u l t s of t h i s a n a l y s i s do tend to suggest t h a t r e s u l t s 
obtained w i t h both should have been comparable. S l i g h t d i f f e r -
ences i n t h e i r c a t c h i n g e f f i c i e n c y of c e r t a i n s p e c i e s i s n o t i c e -
a b l e , f o r i n s t a n c e chironomid l a r v a e . 
2.7 T r a n s p l a n t Experiment w i t h Agapetus f u s c i p e s 
The l a r v a e on stones 1, 2, and 3, which had been placed 
i n the springbrook of S I where the s p e c i e s was not found, soon 
pupated: Many had emerged before the stones and animals were 
t r a n s p o r t e d to the la b o r a t o r y , where they were kept u n t i l the 
end of J u l y i n ae r a t e d springwater. The same sequence was 
followed f o r the stories numbered 4, 5 and 6, the animals on 
these a l s o pupated soon a f t e r t r a n s p l a n t a t i o n to S5, and a g a i n 
many had emerged before removal to the l a b o r a t o r y . The same 
p a t t e r n of development was followed by l a r v a e i n the 'home* 
stream. The f i n a l r e s u l t s were: 
Stone Number No 
a t 
. l a r v a e 
s t a r t 
No. emerged No. pupae 
l e f t 
1 61 59 2 
2 129 117 12 
3 52 48 4 
4 170 151 19 
5 44 41 3 
6 37 32 5 
Table 11. R e s u l t s of t r a n s p l a n t experiment 
Therefore, by the end of the experiment 92.6% of the animals 
t h a t had been removed to the springbrook where the s p e c i e s was 
not found had emerged and flown away, w h i l s t of the group moved 
to another springbrook where the s p e c i e s was found 89.3% had 
emerged and flown away. From t h i s i t seems t h a t there i s no 
s i g n i f i c a n t d i f f e r e n c e i n the r a t e of or chance of completing 
development i n the two h a b i t a t s . 
2.8 A study of the sex r a t i o s of s e l e c t e d s p e c i e s 
The r e s u l t s of t h i s i n v e s t i g a t i o n a r e shown i n Table 9, 
t h e r e was a good d e a l of v a r i a t i o n i n r a t i o s obtained which may 
be r e l a t e d to the very d i f f e r e n t population s i z e s . T h i s w i l l 
be d i s c u s s e d l a t e r . 
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2.9 A study of the s i z e s of s e l e c t e d s p e c i e s 
A summary of the r e s u l t s of t h i s i n v e s t i g a t i o n a r e shown 
i n Table 10, more data on s i z e d i s t r i b u t i o n w i t h i n the popul-
a t i o n s may be found i n Appendix s e c t i o n A.9. I n t h i s i n v e s t -
i g a t i o n v a r y i n g samples, i n terms of numbers of i n d i v i d u a l s , 
make d e t a i l e d a n a l y s i s d i f f i c u l t . 
2.10 A p r e l i m i n a r y a n a l y s i s of the Trophic 
S t r u c t u r e of SlOand S4 
The F i g u r e s 2 8 ( a ) , (b) and ( c ) summarise the r e s u l t s of 
t h i s a n a l y s i s , data r e l a t i n g to t h i s may be found i n the 
Appendix s e c t i o n A.10. 
Springhead 10 had the highe s t 9 s t a n d i n g crop* of animals 
and springhead 4 the s m a l l e s t , Because of t h i s d i f f e r e n t 
s c a l e s were used when the v a r i o u s pyramids were drawn. F i r s t l y , 
( a ) shows pyramids of numbers f o r both h a b i t a t s , only v a l u e s f o r 
h e r b i v o r e s and c a r n i v o r e s could be inc l u d e d . I n SlOthe r a t i o of 
c a r n i v o r e s to h e r b i v o r e s was 1:3.06, whereas i n S4 i t was 1:15, 
a c o n s i d e r a b l e d i f f e r e n c e . Both were however t y p i c a l u pright 
pyramids. I n F i g u r e 28(b) aga i n the t y p i c a l upright pyramids 
emerged, the r a t i o of herbivore biomass to p r o d u c e r / d e t r i t u s 
biomass f o r SlOwas 1:42.6, i n S4 i t was 1:10. The r a t i o s f o r 
c a r n i v o r e biomass to herbivore biomass i n SlOand S4 were 1:7.15 
and 1:76.8 r e s p e c t i v e l y . I n F i g u r e 2 8 ( c ) the energy pyramids 
gave a r a t i o of 1:46.3 f o r the h e r b i v o r e s to p r o d u c e r s / d e t r i t u s 
i n SI0, and 1:12.6 r a t i o f o r the same i n S4. The r a t i o of 
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Figure 28 . Pyramids of Numbers, Biomass and Energy per metre 
of Springheads S10 (pyramids on l e f t ) and S4 (pyramids on rig h t ) . The 
data represented above relates to'standing crop'measurements and 
i l l u s t r a t e s the trophic relationships between levels i n the Spring of 
1976. 
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c a r n i v o r e energy content to herbivore content i n SIO was 1:10.8, 
and f o r S4 was 1:125.25. From t h i s a n a l y s i s i t can be seen 
t h a t i t was not only the s i z e s of the populations i n the two 
h a b i t a t s t h a t was d i f f e r e n t , but a l s o biomass and energy. 
What i s more important i s t h a t the r a t i o s of one t r o p h i c l e v e l 
t o another were very d i f f e r e n t i n the two springheads i n v e s t -
igated, these d i f f e r e n c e s w i l l be d i s c u s s e d l a t e r . 
CHAPTER 3 
DISCUSSION 
The study of the community ecology of s p r i n g s has been 
the s u b j e c t of r e l a t i v e l y few s c i e n t i f i c s t u d i e s . T h i s i s 
not t h a t s p r i n g s a r e uncommon, but appears mainly to be because 
of the sampling problems involved i n t h i s branch of limnology. 
How, i n f a c t , does one know when one i s confronted by a s p r i n g ? 
The term s p r i n g i s not easy to d e f i n e . N i e l s e n (1950) suggested 
t h a t a thermic c r i t e r i o n may be used. The ground water has a 
constant temperature, which l i e s near the mean annual temper-
a t u r e of the p l a c e ; and the i d e a l s p r i n g i s a s p r i n g i n which 
the water w e l l s out i n such a great amount and on a so r e s t r i c t e d 
a r e a t h a t i t s temperature i s not m a t e r i a l l y i n f l u e n c e d by the a i r 
temperature or i n s o l a t i o n , n e i t h e r i n the summer nor i n the 
w i n t e r . H i s l i m i t was a maximum temperature of 12°C i n the 
summer - i f the water temperature rose above t h i s the •spring* 
was not a s p r i n g . I f t h i s d e f i n i t i o n i s taken then S8 i n the 
present work was not i n f a c t a s p r i n g a t a l l , though the res;: 
were. 
Having decided t h a t the m a j o r i t y of the • s p r i n g s ' s t u d i e d 
were s p r i n g s as s t u d i e d by other r e s e a r c h e r s , what do they mean 
by the term ' s p r i n g fauna*. I t i s oft e n used i n two s e n s e s . 
F i r s t l y t o d e s c r i b e the fauna of hy g r o p e t r i c h a b i t a t s which a r e 
p e c u l i a r to s p r i n g s such as, part emerging stones, cushions of 
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water s a t u r a t e d mosses, helophytes i n shallow s p r i n g a r e a s , 
and moist l e a v e s a t the margin of f o r e s t s p r i n g s , by some 
r e s e a r c h e r s . Secondly by o t h e r s i t i s taken as p a r t l y 
comprising a l s o the fauna i n the springbrooks, which i n f a c t 
does not d i f f e r from the fauna i n other eurythermic streams. 
There can be l i t t l e doubt t h a t the ' s p r i n g f a u na 1 t h a t formed 
the b a s i s of the present study belonged to the d e f i n i t i o n of 
the l a t t e r group. The work t h a t has been c a r r i e d out by other 
r e s e a r c h e r s has been mainly on much l a r g e r s p r i n g s so t h e r e 
were no d i r e c t comparisons t h a t could be made to the present 
study. When a h a b i t a t i s as s m a l l as the ones t h a t have been 
s t u d i e d here i t i s doubtful whether t h e r e i s a ' s p r i n g community' 
i f we take the d e f i n i t i o n of a community to be 'a system of 
i n t e r a c t i n g , n i c h e - d i f f e r e n t i a t e d s p e c i e s populations t h a t 
tend to complement one another i n the uses of the communities 
space, time, r e s o u r c e s and p o s s i b l e kinds of i n t e r a c t i o n s ' 
(Whittaker, 1975). There i s without doubt a s u b s t a n t i a l amount 
of z o n a l o v e r l a p and i n t e g r a t i o n w i t h i n the s p r i n g and s p r i n g -
brook communities of the Eggleshope V a l l e y . 
The a n a l y s e s t h a t were c a r r i e d out on the data that was 
c o l l e c t e d d i d show t h a t t here was a g r e a t e r degree of s p e c i e s 
s i m i l a r i t y (Sorensen"s Quotient) and dominance s i m i l a r i t y 
(Percentage S i m i l a r i t y ) between the springheads, than between 
them and the beck ( L i t t l e Eggleshope) or i n f a c t s t a t i o n s down 
the springbrook of S I . One must bear i n mind the f a c t t h a t 
most of the s p e c i e s observed and i d e n t i f i e d i n the present 
study were i n s e c t s w i t h t e r r e s t r i a l imagines, which means t h a t 
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the s t r u c t u r e of the springhead community would be a dynamic 
one showing a high degree of temporal v a r i a t i o n ; indeed, 
Thorup (1970) using h i s frequency a n a l y s i s has shown t h i s to 
be so f o r Danish s p r i n g s and springbrooks both i n terms of 
the p h a s i c nature of i n s e c t l i f e c y c l e s , and the downstream 
mi g r a t i o n of c e r t a i n i n s e c t populations. The two frequency 
a n a l y s e s c a r r i e d out on the springhead and springbrook of S2 
do on c l o s e examination show obvious trends of t h i s s o r t such 
as s e a s o n a l change i n numbers and p o s i t i o n along the s p r i n g -
brook, d e s p i t e the i n t e r v a l between them being a mere two 
months. The community a n a l y s i s d id i n d i c a t e t h a t t h e r e was 
a strong p o s s i b i l i t y t h a t a t the time of sampling t h e r e was 
a ,community , p e c u l i a r to the springheads, but t h a t i t con-
s i s t e d mainly of s p e c i e s common to eurythermic streams i n 
other geographical a r e a s . I t i s doubtful whether there were 
any t r u e crenobionts ( i . e . s p e c i e s confined s t r i c t l y to s p r i n g -
heads) i n the community t h a t was observed although the caddis 
Odontocerum a l b i c o r n e has been des c r i b e d a s such by other 
r e s e a r c h e r s ( N i e l s e n , 1950). 
When the samples communities were compared by use of 
Ke n d a l l * s Rank C o r r e l a t i o n C o e f f i c i e n t , which i s a measure of 
the s i m i l a r i t y or d i f f e r e n c e between assemblages of d i f f e r e n t 
numbers of i n d i v i d u a l s of the spectrum of s p e c i e s i n each 
springhead, i t was found that a s i g n i f i c a n c e l e v e l of 0.1 per 
cent could be attached to the springheads t h a t formed the 
extremes of the two main c l u s t e r groups, which i n f a c t 
excluded the * non-spring' (by thermic d e f i n i t i o n ) S8 and the 
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main L i t t l e Eggleshope beck. I t i s most i n t e r e s t i n g t h a t the 
c o r r e l a t i o n between S8 and the extreme s p r i n g i n the ' r e a l * 
s p r i n g group had a s i g n i f i c a n c e of 5 per cent, and th a t t h e r e 
was no s i g n i f i c a n t c o r r e l a t i o n between any of the springheads 
and the beck. Again t h i s a n a l y s i s provides good evidence t h a t 
t h e r e was a springhead community i n the Eggleshope V a l l e y . 
So f a r the only r e a l d i f f e r e n c e d i s c u s s e d between s p r i n g -
heads and other l o t i c waters i n t h i s study has been the d i f f e r -
ence i n temperature. I n f a c t there were many other v a r i a b l e s 
worthy of c o n s i d e r a t i o n a t the major s i t e s , but u n f o r t u n a t e l y 
the s h o r t d u r a t i o n of t h i s study did not allow the accumulation 
of s u f f i c i e n t data to make a f u l l M u l t i v a r i a t e A n a l y s i s f e a s i b l e , 
and i t i s d o u b t f u l l whether a s i n g l e p i e c e of r e s e a r c h analysed 
i n such a way would be of any great value because of the dynamic 
nature of the springhead ecosystems i n the v a l l e y . However, 
c e r t a i n obvious d i f f e r e n c e s may of importance, f o r i n s t a n c e 
the water a n a l y s i s c a r r i e d out r e v a l e d t h a t the main beck was 
the only h a b i t a t p o l l u t e d with Z i n c (0.15 mg.l."*) and Lead 
(0.5 m g . l . - 1 ) which must have come from the once famed 
• C a l i f o r n i a * mine a t the head of the v a l l e y . 
F i g u r e s on the t o x i c i t y of lead and z i n c vary tremendously 
i n the l i t e r a t u r e e s p e c i a l l y f o r i n v e r t e b r a t e s , many of which 
seem to be very t o l e r a n t of heavy metal p o l l u t i o n . I n h i s 
book Yapp (1972) g i v e s examples of lead l e v e l s of 0.2-0.5 mg.l." 1 
e x c l u d i n g s e v e r a l i n s e c t groups such as cad d i s , and s t a t e s t h a t 
l e v e l s of 1.0 mg.l." 1 are l e t h a l to most animals. I f the heavy 
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p o l l u t i o n was an important f a c t o r i n determining the nature 
of the community, t h i s was not r e f l e c t e d i n the Specie s 
D i v e r s i t y a n a l y s i s t h a t was c a r r i e d out. The s i z e and 
comparative complexity of the beck may have hidden any r e a l 
comparison between i t and unpolluted springheads and s p r i n g -
brooks. A comparison with a beck of s i m i l a r nature but 
unpolluted by heavy metals would make an i n t e r e s t i n g f u r t h e r 
study. 
There was no great v a r i a t i o n i n the Shannon D i v e r s i t y 
I n d i c e s c a l c u l a t e d f o r the 11 major s i t e s . T h i s index i s 
weighted i n favour of the r a r e s p e c i e s . But the Simpson 
Index (D), which i s weighted i n favour of the common s p e c i e s 
and i s more a measure of dominance, produced some i n t e r e s t i n g 
i n d i c e s . These i n d i c e s c l e a r l y r e f l e c t e d the presence of 
dominant s p e c i e s such as the N. p i c t e t i of S2, the Chironomid 
l a r v a e of S5, and the s t o n e f l y l a r v a A. s u l c i c o l l i s and 
Chironomids together i n S9. The dominance of c e r t a i n groups, 
or s p e c i e s , a t l e a s t n u m e r i c a l l y i s c l e a r from the * P i e - C h a r t s * 
showing the percentage composition of the springheads and beck. 
T h i s may r e f l e c t the a v a i l a b i l i t y and q u a l i t y of n i c h e s present 
w i t h i n the h a b i t a t s , i t may be r e l a t e d to the d i f f e r e n t a b i l i t i e s 
of s p e c i e s to compete under a v a r i e t y of c o n d i t i o n s , or may, a s 
did 'Fager's l o g 1 experiment, simply i n d i c a t e which s p e c i e s 
have the most e f f i c i e n t means of d i s p e r s a l and c o l o n i z a t i o n 
(Fager, 1968). 
Perhaps before a f u r t h e r c o n s i d e r a t i o n of some a s p e c t s of 
the niche concept i t would be wise to quote E l t o n (1927): 
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...the •niche* of an animal means i t s p l a c e i n the 
b i o t i c environment, i t s r e l a t i o n s to food and enemies. 
The e c o l o g i s t should c u l t i v a t e the h a b i t of looking 
a t animals from t h i s point of view as w e l l a s from 
o r d i n a r y s t a n d p o i n t s of appearance, names, a f f i n i t i e s 
and past h i s t o r y . When an e c o l o g i s t s a y s 'there goes 
a badger*, he should i n c l u d e i n h i s thoughts some 
d e f i n i t e idea of the animal's p l a c e i n the community 
to which i t belongs, j u s t as i f he had s a i d 'there 
goes the v i c a r ' . 
With t h i s i n mind we can extend the niche concept i n t o the 
idea of 'hypervolume* w i t h i n dimensions, each dimension r e p -
r e s e n t i n g a d i f f e r e n t v a r i a b l e property of the whole e n v i r o n -
ment of the s p e c i e s ; the p r o p e r t i e s should i n c l u d e the s i z e 
of food, temperature v a r i a t i o n , s e a s o n a l i t y , s h e l t e r r e q u i s i t e s 
and so on. Unfortunately the complexity of such concept i n 
p r a c t i c a l terms prevented such a study of the i n d i v i d u a l s i n 
the communities of the Egglestone l o t i c h a b i t a t s . However, 
nich e breadth and niche o v e r l a p i n simple terms were considered 
and have a l r e a d y been explained (pages 37& 38). 
Considered w i t h the above d i s c u s s i o n of the niche concept 
i t can be seen t h a t f u r t h e r i n v e s t i g a t i o n s of niche breadth 
and o v e r l a p would be of c o n s i d e r a b l e i n t e r e s t a t d i f f e r e n t 
times of year, p a r t i c u l a r l y f o r the P l e c o p t e r a n populations. 
The p o s i t i v e c o r r e l a t i o n between the amount of primary producer 
m a t e r i a l and the numbers of h e r b i v o r e s and d e t r i t i v o r e s (pages 
A 2 ; ) may not have been e n t i r e l y due to the p l a n t m a t e r i a l 
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r e p r e s e n t i n g a p l e n t i f u l food r e s o u r c e . The presence of higher 
p l a n t s would a l s o i n c r e a s e the h a b i t a t s s p a t i a l heterogeneity 
and thus i n c r e a s e the number and q u a l i t y of n i c h e s a v a i l a b l e . 
In any f u r t h e r study of these h a b i t a t s the niche concept should 
p l a y an important p a r t . 
When the s t a t i o n s down the springbrook of S I were sampled 
one of the most important trends that was observed was t h a t 
neighbouring s t a t i o n s were o f t e n a l i k e i n terms of s p e c i e s , 
which tends to suggest t h a t there was, a t l e a s t i n the s p r i n g -
brook of S I some zonation. The d i v e r s i t y i n d i c e s (see pages 
A1.C. ) tended to suggest t h a t d i v e r s i t y was g r e a t e s t where 
the c o n d i t i o n s were most s t a b l e . At these s i t e s t h ere appeared 
to be the highest degree of s p a t i a l heterogeneity. These 
c o n d i t i o n s were f u l f i l l e d best a t the springhead and a t 
s t a t i o n St4. T h i s meant t h a t i n t u r n i t would seem t h a t 
the d i v e r s i t y was l i n k e d t o the nature of the s u b s t r a t e . 
Thorup (1966) goes i n t o t h i s i n d e t a i l e x p l a i n i n g how 
community and s u b s t r a t e type a r e l i n k e d i n l o t i c systems. 
I t was w i t h the background of h i s 1966 r e s e a r c h t h a t Thorup 
s t a r t e d h i s study of the communities i n s p r i n g s . He chose 
them because i t was p o s s i b l e i n many case s to observe the 
animals i n t h e i r m i c r o h a b i t a t s , which would indeed be a 
l o g i c a l p r o g r e s s i o n on from the present study. He did 
d i s c o v e r , as was found i n t h i s r e s e a r c h , t h a t some d i f f i c -
u l t i e s d i d a r i s e through the use of s p r i n g s f o r such s t u d i e s ; 
mainly because they a r e o f t e n s m a l l and i t i s d i f f i c u l t to 
take enough q u a n t i t a t i v e samples f o r a n a l y s i s from s m a l l 
populations without d e s t r o y i n g them. 
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Up t o the present time there i s no r e a l l y e f f i c i e n t 
method f o r the q u a n t i t a t i v e sampling of the fauna from a 
stony bottom i n running water. Although s e v e r a l methods 
f o r t h i s purpose have been developed (Macan, 1958; A l b r e c h t , 
1959, 1961; Schwoebel, 1966) i n c l u d i n g the net and bucket 
samplers developed f o r use i n t h i s study, none of these 
r e a l l y s u i t e d f o r use i n s m a l l springbrooks. For t h i s 
reason Thorup's (1970) frequency a n a l y s i s technique was 
employed w i t h only s l i g h t m o d i f i c a t i o n to i n v e s t i g a t e the 
d i s t r i b u t i o n of i n v e r t e b r a t e s i n the springbrook of S2. 
Large d i f f e r e n c e s between the curves of frequency f o r 
v a r i o u s s p e c i e s a r e evident, and with very few exceptions 
no two curves a r e s i m i l a r . Plectrocnemia conspersa, one 
of the c a r n i v o r o u s net-spinning caddis l a r v a e of the s p r i n g -
brook was found mainly c l o s e to the banks or amongst veget-
a t i o n . When a specimen was returned to the l a b o r a t o r y f o r 
o b s e r v a t i o n i t was found to p r e f e r , and feed with v o r a c i t y 
on chironomid l a r v a e . I t would only take these a l i v e . I t 
seems that other s p e c i e s have p r e f e r r e d foods a l s o . Nemoura 
e r r a t i c a has shown by other r e s e a r c h e r s to n i b b l e dead l e a v e s 
and higher p l a n t s , w h i l s t L e u c t r a n i g r a brushes up d e t r i t u s . 
As they were found together i t i s probable that the two s p e c i e s 
occupied d i f f e r e n t n i c h e s i n the springbrook because of t h e i r 
d i f f e r e n t feeding methods. I f the frequency v a l u e s a r e e c o l -
o g i c a l l y meaningful i n terms of the i n d i v i d u a l s p e c i e s i n 
each l o c a l i t y , the f a c t t h a t s p e c i e s c o - e x i s t must i n d i c a t e 
t h a t each s p e c i e s present p l a c e s s l i g h t l y d i f f e r e n t demands 
on the environment. 
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From the work t h a t has been done i t seems t h a t the 
v a r i a t i o n i n frequency v a l u e s throughout the springbrook 
were probably due to a number of e c o l o g i c a l f a c t o r s , these 
included, l i g h t c o n d i t i o n s (shade or open), s u b s t r a t e type, 
the r a t e of water flow, and the a v a i l a b i l i t y of s u i t a b l e food. 
A gre a t d e a l more d e t a i l e d study would be r e q u i r e d to c l a r i f y 
the s i t u a t i o n f o r each s p e c i e s , but t h e i r can be l i t t l e doubt 
t h a t frequency a n a l y s i s may be extremely u s e f u l f o r the a n a l y s i s 
of community s t r u c t u r e , e s p e c i a l l y i f i t was c l o s e l y l i n k e d t o 
s t u d i e s i n the biology of s p e c i e s present. 
In the i n v e s t i g a t i o n i n t o the e f f e c t of d i f f e r e n t g r a d i e n t s 
on the nature of the springbrook community the K e n d a l l ' s Rank 
C o r r e l a t i o n between the s t e e p slope and g e n t l e slope fauna 
showed t h a t there was no s i g n i f i c a n t d i f f e r e n c e between the 
two communities. F u r t h e r study would probably r e v e a l the more 
s u b t l e d i f f e r e n c e s that must r e s u l t from the e f f e c t of g r a d i e n t 
on other f a c t o r s such a s , flow r a t e and the nature of the 
s u b s t r a t e . T r a n s p l a n t experiments may be of use i n a f u r t h e r 
i n v e s t i g a t i o n of the e f f e c t of gradient, but i d e a l l y an a r t i -
f i c i a l stream system would be r e q u i r e d . The t r a n s p l a n t e x p e r i -
ment t h a t was c a r r i e d out tended to i n d i c a t e that although a 
s p e c i e s was not found i n a p a r t i c u l a r h a b i t a t ( i n t h i s e x p e r i -
ment the ca d d i s Agapetus f u s c i p e s ) i t could s u r v i v e and complete 
i t s l i f e - c y c l e when t r a n s p l a n t e d to i t . I n t h i s study i t seems 
probable t h a t the nature of the s u b s t r a t e was mainly r e s p o n s i b l e 
f o r the absence of the s p e c i e s i n c e r t a i n springbrooks, the 
l a r v a e of A. f u s c i p e s has a requirement f o r l a r g e sand g r a i n s 
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and stones on which to a t t a c h the case s i t makes from them, 
i n some springbrooks both were absent. I f f u r t h e r t r a n s p l a n t s 
were c a r r i e d out i t would be e s s e n t i a l to qu a n t i f y as many 
environmental v a r i a b l e s as p o s s i b l e , and to ensure the s e t t i n g 
up of adequate c o n t r o l s . 
When the sex r a t i o s of s e l e c t e d s p e c i e s were c a l c u l a t e d 
i t was obvious t h a t there was a high degree of v a r i a t i o n 
between s i t e s , but that when the numbers of i n d i v i d u a l s 
examined a t each s i t e was taken i n t o account, the s i t e where 
many i n d i v i d u a l s had been examined produced s i m i l a r r a t i o s . 
For Nemurella p i c t e t i a t a l l but one s i t e t h ere were more 
females than males i n an o v e r a l l r a t i o of about 1:1.5, t h i s 
was the case f o r a l l s p e c i e s where a l a r g e enough sample had 
been taken, the females always outnumbering the males. I t 
would have been i n t e r e s t i n g to study the change i n t h i s r a t i o 
w ith time as w e l l as i n the d i f f e r e n t springheads. 
I t was hoped t h a t by measuring the s i z e s of the s t o n e f l y 
s p e c i e s and the gammarids some r e l a t i o n s h i p between t h i s and 
other v a r i a b l e s a t the major study s i t e s might be e s t a b l i s h e d , 
however t h e r e were no s i g n i f i c a n t c o r r e l a t i o n s between mean 
s i z e of i n d i v i d u a l s i n a h a b i t a t and f a c t o r s such a s temperature. 
T h i s may have been due to the r e l a t i v e l y s m a l l d i f f e r e n c e s i n 
the v a r i a b l e s between the h a b i t a t s , adaption by the s p e c i e s 
themselves, or because many v a r i a b l e s were i n t e r a c t i n g some 
to the advantage of, and some to the disadvantage of a s p e c i e s . 
The a n a l y s i s of the t r o p h i c s t r u c t u r e of two of the s p r i n g -
heads can only be considered as p r e l i m i n a r y because i t r e l a t e s 
to only one i n s t a n t i n time, but i t appears t h a t i n terms of 
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energy more i s u t i l i z e d , as opposed to 'wasted*, by the macro-
fauna i n S4. The energy r a t i o s between t r o p h i c l e v e l s , 1:46 
i n SIO and 1:12 i n S4, f o r the conversion of p l a n t m a t e r i a l to 
animal m a t e r i a l suggest a g r e a t e r e c o l o g i c a l e f f i c i e n c y f o r 
the animals i n S4. Whereas the s i t u a t i o n i s r e v e r s e d f o r the 
exchange of energy between the next two t r o p h i c l e v e l s , the 
c a r n i v o r e energy content to herbivore energy content r a t i o s 
were 1:11 f o r SIO and 1:25 f o r S4. T h i s i m p l i e s the c a r n i v o r e 
l e v e l was more e f f i c i e n t i n SIO. T h i s may have been due to the 
g r e a t e r abundance of prey which would reduce amount of e f f o r t 
r e q u i r e d by the predators to ensure being w e l l fed, a l s o i t i s 
p o s s i b l e t h a t t h e i r food supply would have been more s t a b l e 
than f o r the predators i n S4. These can only be hypotheses, 
much more d e t a i l e d work would be r e q u i r e d before such ideas 
could be e i t h e r accepted or r e j e c t e d . D e t a i l e d s t u d i e s of 
complex ecosystems r e q u i r e many yea r s of work, Odum (1957), 
aided by a team of r e s e a r c h e r s , s t u d i e d the t r o p h i c s t r u c t u r e 
and p r o d u c t i v i t y of S i l v e r Springs, F l o r i d a . I t i s d i f f i c u l t 
to compare the present study w i t h h i s work a t S i l v e r Springs 
a s i t i s many times the s i z e of any of the s p r i n g s i n the 
Eggleshope V a l l e y . T e a l ' s (1957) approach to a study of 
community metabolism would be a model f o r f u r t h e r study. 
Though even a study of a r e l a t i v e l y simple ecosystem, such 
a s any of the Eggleshope s p r i n g s , would involve a v a s t amount 
of work over a long period. 
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SUMMARY 
1. Ten springheads and t h e i r springbrooks were sampled both 
q u a n t i t a t i v e l y and q u a l i t a t i v e l y . The s t r u c t u r e of the 
a q u a t i c i n v e r t e b r a t e communities i n these and L i t t l e 
Eggleshope Beck were analysed f o r s p e c i e s s i m i l a r i t y , 
dominance s i m i l a r i t y and s p e c i e s d i v e r s i t y s i m i l a r i t y i n 
an attempt to determine whether a community of crenobionts 
was present i n the s p r i n g s of the Eggleshope V a l l e y . 
Evidence suggested t h a t t h i s was so, but th a t the s p e c i e s 
were not t r u e crenobionts. They were merely s p e c i e s w e l l 
s u i t e d to l i f e i n upland streams, and e q u a l l y w e l l s p r i n g 
systems. 
2. In an a n a l y s i s of the fauna present a t s t a t i o n s down a 
springbrook i t was found t h a t s p e c i e s s i m i l a r i t y tended 
to be g r e a t e s t between adjacent s t a t i o n s , and t h a t d i v e r -
s i t y was g r e a t e s t i n the most s t a b l e , l a r g e s t , s p a t i a l l y 
heterogeneous h a b i t a t s . 
3. The use of two samplers, a net sampler and a bucket sampler, 
i s d e s c r i b e d and t h e i r e f f i c i e n c i e s under the same c o n d i t i o n s 
compared. These new samplers were found to gi v e s t a t i s t -
i c a l l y s i m i l a r data f o r most of the a q u a t i c i n v e r t e b r a t e s 
i n the springbrook i n which they were compared. 
4. A method f o r frequency a n a l y s i s i n s m a l l springbrooks i s 
des c r i b e d , and i t s value i n the study of such communities 
d i s c u s s e d . R e s u l t s of frequency a n a l y s e s c a r r i e d out i n 
the Spring and Summer a r e presented, and f a c t o r s a f f e c t i n g 
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frequency v a l u e s considered. Some evidence f o r the 
movement of populations during the i n t e r v a l between 
the a n a l y s e s i s shown. 
5. The e f f e c t of g r a d i e n t on the nature of the springbrook 
community was i n v e s t i g a t e d . The r e s u l t s are shown and 
d i s c u s s e d f o r the g e n t l e and steep s l o p e s t h a t were 
compared. Subtle d i f f e r e n c e s were noticed i n the 
community s t r u c t u r e . The g r e a t e s t d i f f e r e n c e was i n the 
s i z e of the communities, the g e n t l e slope having approx-
imately h a l f the number of organisms on the steep slope, 
as i n d i c a t e d by the methods used and samples taken. The 
e f f e c t of gradient on p h y s i c a l f a c t o r s i s a l s o considered. 
6. T r a n s p l a n t experiments w i t h Agapetus f u s c i p e s i n d i c a t e d 
t h a t i t s absence from a springbrook was not simply due to 
i t being unable to s u r v i v e t h e r e . A major f a c t o r was 
thought to be the a v a i l a b i l i t y of a s u i t a b l e s u b s t r a t e . 
7. The sex r a t i o s of some s t o n e f l y s p e c i e s and Gammarus 
pulex a r e given f o r the s i t e s i n which they occurred, 
and a r e d i s c u s s e d . 
8. The s i z e s of some s t o n e f l y s p e c i e s and G. pulex were 
measured and mean s i z e s with standard d e v i a t i o n s a r e 
shown. These s i z e s were found not to c o r r e l a t e with 
the environmental parameters measured, t h i s i s d i s c u s s e d . 
9. A p r e l i m i n a r y i n v e s t i g a t i o n i n t o the t r o p h i c s t r u c t u r e s 
of two of the Eggleshope s p r i n g s was made and r e s u l t s a r e 
shown. The energy contents of the s p e c i e s present a r e 
t a b u l a t e d . Trophic pyramids of numbers, biomass and 
energy a r e presented and d i s c u s s e d . 
A P P E N D I X 
EAV AND FURTHER DATA : 
SECTIONS - Ala ( i ) to Ala ( i i ) Springheads and Beek Community Data. 
- Ale Diversity indices for major sites . 
- A2j Herbivore/Detritivore and Vegetation correlation data. 
- A3a ( i ) to A3 ( i v ) Data from Stations down the Springbrook 
of SI. 
- A 5 Data from the effect of Slope Investigation. 
- A6 ( i ) and A6 ( i i ) Bucket and Net Sampler comparison data. 
- A10 Data for Trophic Level Investigations in Springheads 
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COMPUTER PROGRAM FOR SORENSEN'S QUOTIENT AND PERCENTAGE 
S I M I L A R I T Y . 
S C C N P I L E 
C. S O R E N S E N S C O L L E C T I O N S S P E C I E S DATA 
1 R F A L ' 8 S P E C ( 5 0 ) 
2 INTFOEfc PER 
3 I N I EC-TP P S C 50 1 
4 I N T E G E R H.aRIT ( 5 0 , 2 0 ) 
s I N l h G F F A , R , T 
h R F A [ M 5 , 9 9 0 J N S P E C , N H A B I T 
7 9 9 0 F (J P M A T ( 2 1 5 ) 
8 W R I T E ( 6 , 9 C 0 1 
9 9 0 0 FORM AT ( M M 
10 OC 10 I = 1 , N S P E C 
11 R E A D ( 5 , 9 3 0 ) S P E C ( I ) , ( H A B I T ( I t J J , J = 1 , N H A B I T J 
12 9 8 0 F Q P r A T ( A 6 , 2 0 I 4 l 
13 WP I T E ( 6 V 9 7 0 ) S P E C ( I ) » ( H A B I T ( I , J ) ? J = l . N H A R I T ) 
14 9 7 0 F O P M A T d X , A 6 , 2 0 1 4 ) 
15 10 C O N T I N U E 
16 N H B = N H A B I T - 1 
17 D020 1=1 ,NH0 
18 I P 1 = I + 1 
l l » DO 20 J = I P 1 , N H A B I T 
20 A = 0 
21 B = C 
2 2 T=C 
23 PER = 0 
24 DU50 K = 1 , N S P E C -
2 ? I F ( H A B I T C K , I ) . N E . J ) A = A + 1 
26 I F ( H A B I T ( K , J ) . f J E . O ) R=8 + l 
27 I F ( H A B I T ( K , I ) . N E . O . A N D . H A B I T ( K , J ) „ N E . O ) T=T+1 
28 I F ( I ' A B I T ( K , I ) . L E . H A B I T I K , J ) ) PER = P E R + HAB I T ( K ,1 > 
29 I F (H ABI T ( K » J ) . LT • HAB I T ( K , I ) ) PER = PER • HAB I T ( K , J ) 
3 0 5 0 C O N T I N U E 
31 0 = 2 . 0 * T / F L G A T ( A + 6 ) 
32 W R I T E ( 6 , . ? 5 0 ) I , J , A , B , T , G , P E R 
3 3 9 5 0 F O R M A T t 1 - ' , ' S O R F N S E N S Q U O T I E N T OF S I M I L A R I T Y * , / 
1 • FOR H A e i T ' , 1 3 , ' AND ' , 1 3 , I X / 
2 ' TOTAL FOR F I R S T H A B I T 1 , 1 4 , 
3 • TOTAL FOR SECOND H A B I T ' , 1 4 , / 
4 • TOTAL CCMMCN S P E C ' , 1 4 , / , 
5 • Q U O T I E N T = » , F 5 . 2 , » P E R C E N T A G E = ? ' , I 4 ) 
34 3 0 C O N T I N U E 
35 20 CONTINUE 
3r. STOP 
37 END 
SDATA 
I t w i l l t a k e u p t o 50 B p e c i e B a n d 20 h a b i t a t s 
PH 
I 
rH 
CO 
55 
O 
CO 
CO 
U N r N s o CM r*-o U N C O -d; ON O 
n » ^ ( M C O H H N r » O N C O 
C*NrNrHCNCNCMCM.j4-rHts-CN-
^ - U N a O O O C N C O C O C O V S O - c O 
• • » • • • • • • • • 
o o o o o o o o o o o 
J- o o j -
ON O O O 
J - C^ UN CO 
so O- UN UN 
• • • • 
o o o o 
-d" 
CM 
I 
CO 
8 
CO 
CO 
UNts-J-tVC^OUNCJVJ^J-O O O O SO 
NO -d" 0- rH CO ON CM NO ON rH CM U N O O O s 
NONOCONONOO-CS-UNCOCMCM UN CN UN rH 
C M d H H V O H H H d N H -d" CM -± 
• • © • • • • • • • * • D • • 
O O O O O O O O O O O o o o o 
CO 
CO 
o 
CD 
CO 
C N N O O N J - rH N O O N N O U N I N - rH -d" O O U N 
U N C S . J - CM U N J - O CM U N rH CO O N O O C*N 
•d" .d" t>- P N N O H d d I M N O ff\ -d" C N C V O N 
N N W \ S O d NSO P - ( O N O «r\ N O C O U N U N 
• • • • • • • • • • o • O • • 
O O O O O O O O O O O O O O O 
4» 
cd 
4» 
CO 
1 
co 
CD 
4» 
CO 
I 
CO 
CO 
H 
« 
co 
SO SO CO CM UN CN ON -d" NO 
C V O - s O V O O - r H U N C O C M C O i - l 
C N H > O i A N CO H O I N d ON 
NO ON UN -d" MN ON CO CN-d" ON CV 
rHrHi-HrHrHr-li-HCMCMi-lrH 
ON O O NO 
SO CN CM NO 
rH t>- CN UN 
O O 
rH CM C N J - UN NO ts. CO ON rH W 
COCOCQCOCOCOCOCOCOCOPQ 
rH 
CO 
o 
xJ 
g 
•H 
+» 
<fl 
4» 
CO 
<3<5<5<S 
O O O O 
rH CM CN UN 
rH CM CN-d-
CO CO CO CO 
rl 
O 
•rr 
aJ 
B 
+> 
rl 
O 
«H 
CO 
CD 
o 
•H 
CO 
r l 
CD > 
c rH *H 
w
ee
 
rl
a
 O 
CD 
CD co rl CO -p CD - P 
cd u CD 
. a O 0 
rs > o CD -H CD •H rH JO 
+> r3 U m 
co co OJ p rH -p £ O CD s *H co 
G CD o h a 
o > CD •d o u p CD 
CD & 
c o rQ CO -H 
•p i re
 
ok
 
Tj c o o CD 
- > £j CO o CD •rl . g 
3" am
 
• P it
 S 
co rl iH 
+» CD TJ • P 
co • f l C CD P « - P CO co 
a • 
CD CO CD 
rl CD rl 
O U +» 
> O CO 
•H • a 
rf» -rl 
rl - P CD 
CD >H h n h a 
-p 3 
VI CD o* 
O P 00 
• T J U 
O C CO 
55 aj Pi 
rH C 
CO -H 
I H 
rl -
CD CD 
- P rH 
* t 
• co do I 
CD rQ > n 
co S rl 
CD CD 
S Pi 
CO w 
E H 
V O O O O O V \ O H O O V O 
C M C O C M V O C - C r \ C O C M V \ . C O - i -
»ANr»H CNH C^VO f \ 0 \H 
rH t v r i H H d ' 
r ^ ^ ^ c o ^ c o r v M N . v r N . O N v o 
v o ^ - o c o n N O c o - — rH ON Cr\ 
O O O O O O - d - O C M r H O 
COr\^J-C7\ONj*-COCMl>-^^-
C N - C O C M C A C M O - H / O - C O O N O 
• • • • • • • • • • • 
CM rH O CM rH rH \T\ J - CM CO O 
CO 
O O 
H N r>4 V T , \ D N-CO O S H CO 
C O C O t O t O C O C O C O C O C O C O P Q 
CO 
-p 
CO 
J»i 
o 
cd 
u 
fp 
•H 
CO 
CD 
rl 
cd • 
CO 
O CD 
rl rH 
O P, 
ri a 
rl Cd 
co co 
rl 
aJ 
T J 
60 
CD > 
• P o 
CO «H 
CM 
@l 
o 
d H 
to cq 
s o n 
VO rH 
O 
O 
CM 
1 1 
2 
^ Pi CO 
a . 
o ^ 
E H CO 
rH 
O 
C rH 
CO 
B , 
CO M c\ * s 
M U rH 
g,CM 
•H 
U rH 
P f \ 
CO rH 
CO 
NO 
CM 
c\ 
CM 
o 
o 
CM 
o 
CM 
o o 
CM 
o 
O 
o 
J-
r\ o o 
o 
•H 
-p 
CO 
& 
CO 
i 
s 
o 
CO 
u 
CO p< 
I 
-p 
io 
O 
o 
iH 
<H 
09 
CO 
rH rH rv. rH o 
CM 
O o o rH 
O o tr\ O CO 
O rH O O 
rH O O O rH 
O o o O CM 
• 
• Pi 
P I 
CO 
CD 
o d 
P I > P I H 
• CO CD 3 Pi -H rH 
P I CD rH 
00 a) rH •d H O •H 
a -iH O a 
3 O •H O •H 
rH i
i
 
O 
rH U
X
1 
u < a s co EH •H • Jd O CO <1 EH 
d 
H ^ 
SI 
s 
o 
-p 
co 
g 
TH 
- P 
d 
-p 
co 
CO PH 
W O 
U N O O 
f>- r-l i-H 
O 
ON 
-3" 
o o 
o 
VO 
J -
CM 
o 
V N 
o 
CN 
V N 
CM 
O CM 
a • 
NO rH 
O 
CM 
C O 
o 
o 
CM 
CN 
CM 
VN 
rH 
£N-
CM 
5 
EH CO 
V N CM CM CM O 
CN 
NO NO 
CN-
CM 
V N 
CM CM rH rH O 
P-! • CM 
CO • 
g g < 
CO £A CN 
O 
s? o 
H U CM 
O rH O rH rH rH 
« jjpCM 
g nH g rl CM 
K CO rH 
CN 
CM 
rH O 
O rH 
CM 
CN 
CM CM 
ON C\i . 
VN O 
O CM 
rH O 
CM rH 
NO 
NO 
O N 
V N 
03 
•P 
cd 
xJ 
EH 
co 
I 
PH 
O 
PH 
CO 
CO 
o 
•rl 
-P 
c3 
& 
CD 
a 
I 
a 
CD 
B 
•P 1 
CO 
h 
CD 
PH 
O 
-P 
CO 
o 
o 
t 
CD 
CO 
PH 
PH 
co 
a 
•H 
CO 
P . 
PH 
CD 
I 
fH 
o 
•H 
rl 
43 
PH 
co 
s 
I 
X) 
o 
c 
o 
fH 
iH 
CO 
• 
PH • 
PH •H P I I 
rH 00 00 
rH 
O aJ CO 
O -p p1 
•rl o o 
O d iH CO 
rH 3 fH 
P u 43 00 
• J 
-
1C
 
Q l-H EH 
CM 
CM 
•P 
CO 
C 
o 
-P 
d 
-p 
co 
A3a.(i i i ) . 
o -3- O O CM w. O Cv- rH o O rH CO 
00 
CM 
vo VO CM -d" O • • O rH 
O 
O 
CM VO 
o 
VO VO 
rH rH 
CM 
CM 
00 O 00 CM CM 0 0 VO 
ON O O rH C"l O 
CM 
CO CM CM rH O CM rH O CO 
C M ^ C M O O V O O O O J -
CM 
I s - O O O CV. CM CM rH CM 
CM rH rH 
rH 
rH r \ O rH O rH 
ON 
CO 
CM 
CM 
a! 
- P 
at 
>, 
•p 
co 
P « 
CO 
0$ 
o 
-H 
• P 
a! 
CD 
O 
6 
65 
CO 
aS 
rH 
rH 
CD 
• P 
03 
a 
rH 
P . 
O 
c 
.CD 
• P 
CO 
CS 
o 
o 
g 
o 
P i 
P I 
CO X I rH 
a 
o a 
o u 
1-9 3 
•3 co o 
o 
o 
•H 
O 
•3 
CO 
«4 
ft 
P i 
to 
cfl 
+» 
o 
o 
- P •r l 
a) - P 
rH 0 
42 - P O 
to i H 
cd P i 
CO P i 
•H aJ 
CD #P rH 
P . rH 
CO n CD 
a U 
o . a 3 o aJ § o bo § At <! o 
81 
S o 
cn 
C I 
• p 
CO 
g 
•H 
+» 
• p 
CO 
A3a.(iv). 
5 
If 
p« 
• CO 
EH _ CO Pci W O 
o o o O O o o o o O O O O O O 
• • m • • • • • • • • • • • • o o O o o o O 
CM CM C\J o\ CM rH C N . CM O N 
N O O 
rH 
o 
P4 CO 
00 
o 
CO 
O rH 
00 
o 
ao 
CM 
00 
CM 
CM CO N O 
o 
CM 
O 
o 
CM 
NO 
S3 
i i 
EH CO 
m • 
o 
CO AJ^\ 
o 
5 6 J 3 < 
g,CM 
•H 
PT->^. 
CO rH 
CO 
I 
CO 
&3 
PH 
CO 
C N CM 
O rH 
r-i O O 
r-i CM 
P i CD 
CD 
tu
 
cS 
fS • - p P i (0 
s i co A 
p . m 
•H CO U 
. O CD 
P i 
Cfl CD 
n
n
 
o 
• <4 P4 CM 
CO 
N O 
ON O 
CM 
NO 
CM 
O 
IS 
•rl 
+» 
«4 
V 
•H +> aJ 
CO 
1 
B 
CO a 
N O ON 
N O 
rH 
O 
O 
3 
co 
O CM 
CM O 
O O 
CD 
$ 
a 
i H 
rH 
CD 
+» 
CO 
rH 
O 
CD 
4» 
CO 
a) 
to o 
t 
a> 
o 
aJ 
CD 
- H B 
O © 
•H > 
CO 3 
P . o 
en rH o 
rH 
O o O -d- t l^ 
O o NO rH NO 
CM rH i H O O 
rH O O o O 
O o O o rH 
• 
rH • P i 
P I n 
CD •H • a) +> P i > CD • P i r l +» P i CO a) O 
P i rH -H 
a CO P i 
a) ct) T J 
rH aJ •H a 
O +> •H e rH .a o o o rH S c •H c CD 
CD a r l o H rH (H r l 3 rH o g •H G O •r l 3 X CD 
C J o a 
CO 
rH 
CM 
CM 
O N 
00 
CM 
CM 
CM 
s 
EH 
O N CM CO 
d 
4 * 
CO-
TS 
A 5 
• - P o o o t ^ - o > n o o r % < n o * n O r H O O O O o o j - o o o a q o o o o 
g CO rH 3" rH 
O N 
H O O - ± C M C""N. O vr\0 r l vr>H N H > A > a r l N n O f \ «f\J" C> rH CM f> r-j CO 
fa ^ O O J - H tfXONVOHNftjHtfMfiHN CT\\0 O N J ' O N N N H OS 
O C • • • • • • • • • > • • • • • • o » » . o » e o « » » » « • 
© O O O O O O O O r H r H O O O O O O O O O O O s O r H O t s - r - l O O O OS 
"tift.CS rH Os 
3 Ml 
« r \ N o o H o\m N ^ n o M O O O 
£ C rH C \ rH r l v O N O s rH CM 
CO CO 
( O ^ H O O ^ O O H ^ 4 
rH 
rH rH O 
CO 
^ O O J - N CT\0 >AO H v A H C V O S J - H ^ ^ H N n O r i S O J - C ^ - H C V C ^ H 
C Os rH rH S O rH r i H 
a> C5 
OS 
O 
OS 
CO 
CO 
w 
M 
U 
w 
CO 
05 a> 
13 
o o 
rH O n w 
rH 00 • <P U P i d 
-p 0 O. a 
to p, cfi o 
S aJ ai & S d 5) 
rH O rH C >-, +» -H i l co x! a) 
P i O Q, rH 
O O O O 
C -H C rQ 
ID h M 
+> CD i H C 
CO CO i-4 •< 
0) CD WWW 
P i 
P I 
CD 
CD 
I 
u • H • 03 
P I aj Pi O • JX 
Pi rH Pi O Pi 
CO CO > Pi Cfl 
T j r l O 1 
a -H d r i o 
e +» s -p 
o o a) 3 o 
C C -H -H o 
S O S O H ' d 
rH U U -H 3 - r l 
• H -rt O t ) B ft .fl 43 -H <D -H CD 
(ii u a ^  cn 
CO 
• 4 
o 
Ab. l i ) . 
W O O O O N O O N CO N O O J - O O N O N Q O O O O Q W ^ V O O O O N O N O O O O pt(0 \ O H O \ 0 0 C A N O O N 3" rH CM O CO N O O C A CM O O r - t i H O O VT\ O N rH CM i-t O N 
O O O O O O O O C M - d - O C N - O O r H O O O O O O C N O O O c n O O O O CM -3" rH 8 
3 
o < 
EH O 
S O H O OOO CO r \ N O >A H O S O-O " A H N O O 1 A H O O C^O rH CM O ("A-d- o- i-i <r\ r\r-t CM J - rH 
o rH o H O O H O O H O r-H C°\ O -3" O i - H r H O O O O O O N O O O O C^-O O O O CM i—I NO CO 
ON C ^ r H O P A O O O O O N O O C O O U CM r-4 O O O r H O O O O O s O O O C O r - I O O O O 
CO i - H O O O O O O O O W O O s O r H C M O O r H O O O O O O O C O C M O O r H 
O O O CM O CM O rH rH rH O rH O O O rH rH O O rH O O O I s - rH O O O rH C\ CM N O 
N O O O O ^ O r H O O C ^ C ^ O O O s O C O O O O O O O O s O O O r \ O r H r H O O N O J " rH 
< O C3 
CM 
w o 
EH vn H O O o \ N r \ o n N n o v o o o o o n o o o O f i H O O v r \ r \ o o o so rH rH O N i-H 
J - O O O J - O H O H J - O\0 r-HOO v f N O O r H O O O N O O O O C M r H O O O VN 
O rH j j - rH ON 
CN. 0 0 0 » n O O r H r - i r > - O O O O O O O O O O O O t N - O O O c o O O O O O N O rH f°\ N O 
CM 
o 
O O O N O i H O O O N O O O O O O O O O O r H O O r H O O O O N O O r H O V S . 
CO 
a. 
G 
CO 
O O O O rH CM H H ^ v o O ^ O O H O H O O O O 
CO 3 • 
O ft • -H P4 X Pi 
•P D CO ft O a3 rH in •H 2 CO rH a* a) ft a) rH a] rH O c3 -H U O O 
g to O fO -H 
• H 3 ' H H O ft-rl U CO CO rH rH T j ^> rH «! rl g S rH a 
• o 3 w O • C J 0 K-3 C5 O 
g « 
u 3 
«H -H 
•H - P 
. O fl 
^ W 
i H b C O ft-p 
Cd • 
o o 
cd 
*> 
•r l 
-P 
cd B 
CO 
a 
1 
a 
CO 
1 
O U CO ft CO sS ft O iH -H rH O P H . O S CO rH CO 
-P iH £3 "H +> CD rH VH JC 03 
03 CO 
cd 
CO 
o3 
ft 03 
ft co 
rx> O 
ra IH pl » •H C C -H O X a] 
CO ft rH 
fH O O 
CO C rQ 
ft S cd • -rl C 
ft ft 
CO 
CO CO 
rH g •rl O 
•S ° ft-H 
O .13 
ft ft 
co -
o3 cr) 
CO rH 
fH H 
CO J3 ft ft 
CO O 
a o 
O cd 
H O O O O C M O O O »r\ a a 
00 a 
-H eg 
so 
ON 
S  O >> 
aj • U • cd 
> ft co ft co • •H ft rH ft O ft 
Cd rl CO 00 > ft • 
-P Xl -H CO ft d D a -H d ri ft 
C C O 3 B + » § C O 
•H -P fi o o c8 3 to >>-y C C - H - H id h -a >> o d O H H 3 0 r ? r l r l T | ^ ^ S O i H - H O ' a B f t • h J3 J3 -H © -H iH 8 
EH 
rH 
eS •p 
cd o -p 03 o -p •H -p 09 • 3 c vo CO s fH o o £ o *H •H 
A 6 . ( i i ) . 
„ 03 ( M O H ^ O O l M H H N H O c O O O H Q H O O g O H Q Q O n H O l M O 
O E - I • • • • • • • • • « • • • • • • • • • • • • • • ^„ <J O O O O O O O O c v J j - O V O O O O O O O O O O I V O O O C ^ O O O O ^ U OJ CM 
o o 
8 
EH U 
N r i ( M H O 0 * d 4 - ^ O O \ 0 O H r \ O « H O O H d - O O H C D V \ H N O 
O CM ^ J - V 3 VO CM tv-
CM CV, CM OV 
O 
CM 
O 
i H O O O O O r H O C M C ^ O C M O O O O O O O O O C ^ O O O - * 0 0 0 0 V O 
tv . 
Ov rH U r H O O C M O c ^ r H O O c O O ^ - 0 0 0 0 0 0 0 0 0 - d - 0 0 0 0 0 0 0 0 0 CM CM 
CO 
rH 
O 
O O O O O r H O O O ^ O - d - O O O O O O . O O O C M O O O C M C M O c M O O. CM CM IV-CO 
r-
rH 
O 
O O O O O O O r H r H r - » O r H O O O O O O O O O V O O O O O \ O O r H O 
CM rH J - CM CM 
VD 
• rH W CJ> U 
E H 
vr \ 
O rH 
o 
C M O r H r H O O O O f ^ C ^ O r H O O i - I O O r H O O O C M O O O C O O O O O C V . 
J " CM CM CV. rH 
C M O O C O O r H O O C v - C ^ O O O O r H O O O O O O C V - O O O O O r H O r H O ON 
-3" rH CO 
EH 
B rv. 
rH 
O 
O r H O v r \ O C M O < M r H J - O O O r H O O O O O O r H r H O O O O \ r H O O O CO rH V\ r\ rH rH 
rH O O Ov O r l O O ^ VT\ O C M O O r H O r H O O O O VO 0 0 0 - d " r H O O O VT\ 
W . CV. rH 
CM 
rH O O O V T \ O O r H C 3 r H v r \ O C M O O O O r H O O O O r H O O O O N O O r H O rH C N rH V O tv . 
rH 
rH 
O 
O O r H r H O r H r H r H V O C M O O O O O O O O O O O C M O O H C V - O r H C M O rH VN rH VO ON 
a, 
co 
C O 
P i m 
OH P i _ 
CO P i CO 
CO i H ,| CO CD rH 
•H si cd a) rH 
o T J rH O CO +» 
a] i H •rl O U C t3 
d - P O X • P '<H O ID 
-H •H CD 8 o U IH 
a, 3 r l rH CD rH V l IH rH C O 3 H 3 T < O 
cd cd P i r H CO . O +> 
• • 3 • O • • • u u >A <3 u -as o 
Pi 
01 
P i 
P I 
CO 
• H a ) (0 d •P o T H CD a -P 
C! -H d -H P e r l a) C  - p id a) i H p" rH 
ed x l 
FH O 
CD U 
h o * . . 
P t CO U CD aJ -H +> t) "H £ to 
( o s a m CD 
" Cd rH Cd rH M 
£3 -H CO -H O 
O A O O 
CO P i > P i - H 
h O U O . O 
CD EJ CD (3 rH 
p. 1 a B a 
• i H • -rl • 
Pi 
P I 
CO 
Cd 
rH 
Pi CD 
cd cd ' e 
cd 
• p 
#2 
r l "H 
W W O 
cd Pi rH p , 
CO 
i H Cd 
§ - p cd O 00 
d C p 
o ej > 
h h 
r l U h 
X i H • 
O f l P i 
P. Pi • B Pi -
• H cd 
rH rH 
I I 
C O E H E H 
CM 
si o 
cd • p 
- p cd 
cd o 
• d +> 
r« CD 
- P .Si 
i H O • 3 VO CO 
u o o a o *H •H 
A10. 
CM 
I 
a 
>-» 
O C O rH • 
CO 
o 
CM 
en 
SO en en o o 
V O en o CM CM V O O N O cn • 
o o 8 * CM O V O rH VT\ V O tN-O tv rH CM CM 
o o o O o O O i-l CM cn 
N O 
CM ON Q CO O ON NO 
rH CM o CO O CO VTA • a • • • o • • CO vfN CM VT\ . o VfN CM CO en NO CO rH v a tN- CO VC\ CM CM 
rH <r\ o-
rH 
o 
rH 
o o o o ON 
CM 
8 ^ 0 
• rH ° § 
CM 
c n NO vr\ O O O 
rH O ON VN Nf\ • • • • • CN. CM CM CO O O 
rH <M 
rH 
NO 
CN 
PN 
CM 
O rH 
CO 
S 
•3 a) a 
CM 
I O 
rH 
CO 
C O 0 CM O J " O J " O 0 • a • • • 0 0 • • N O V O O N CM N O N O O CM 0 
CN O N vr \ cn CM tN- cn VfN 
vr \ r\ O N CM rH rH O N CM cn 
u 
p 
CO 
U 
o 
O o UN 
CM 
MN. J " O cn o -3-
d 
• p 
CO 
T 3 
If 
+» 
I CtB CD S r i - P CD C © C O S CD O 
I 
5 S> °. ^  5 ~ rH ^ £ -J & •* S * > £ rH £r \ 
ON © C O / i CO O J* «S Af2 00°,^5i 
i-H CM r-H rH V T \ V ~ ' c n ^ ^ P N " ^ - ' C M W 
P . 
P i * • CO CO P i • a P I P i CD •H 
CO P i co P i 
CD 
CO 
d CO rH 
er
id
 
an
ot
 
op
al
 
ob
la
 
co h C2 c e g3 CD P i i H -H h 
CO n rH 0 
P i 
P i 
CD 
CD 
CO 
T J 
rl rO 
CD 
rl 
d 
rH 
T J 
- H 
§ 
P 
O 
u 
•H 
U 
P i - H 
CD CD 
d 
CD 
o > 
tH 
r l 
d 
•H 
O •rl 
T j 
CD 
CO 
u 
CD e 
o 
P , 
r ? 
d 
a 
t 
CO 
- p 
CD 
ft 
r3 
CO 
r l 
O 
r l 
r l 
0 
T 3 
I 
s 
- p 
03 
CD > 
CD 
p 
O 
r l 
E H 
CD 
J S 
• P 
*H 
O 
ft 
d 
co 
REFERENCES 
Beyer, H. (1932). Die Tierwelt der Quellen und Bache des 
Baumberggebietes. Abh. veatf. ProvoMus. Naturk 
3s 9-187. 
Berg, K. ( l 9 5 l ) . Notes on acme large Danish springs. Hydrobiologia 
3: 72-78. 
Bornhauser, K. (1913). Die Tierwelt der Quellen i n der TTmgeberg Basels. 
I n t . Revue ges. Hydrobiol. Hydrogr. Suppl. 5: 3, 90pp. 
Carpenter, K.E. (1928). L i f e i n Inland Waters. Sedgwick and Jackson, 
London. 
Chandler, CM. (1966). Environmental factors a f f e c t i n g the l o c a l d i s t -
r i b u t i o n and abundance of four species of stream 
dwelling t r i c l a d s . Invest. Indiana Lakes and Streams 
7: 1-56. 
Cole, G.A., and Minkley, V.L. ( l 9 6 l ) . A new species of amphipod crustacean 
from Kentucky. Trans. Am. microsc. Soc. 8: 391-8 
Dahm, A.G. (1949). Phagocata from South Sweden. Acta. Univ. Lund.. N.P. 
^5* 7, 32pp. 
Davidson, F.A., and Wilding, J.L. (194-3)* A quantitative faunal i n v e s t -
i g a t i o n of a cold spring community. Am. Midi. Nat. 
29: 200-9. 
Davis, B.N.K. (1963). A study of micro-arthropod communities i n mineral 
s o i l s near Corby, Northants. J . Anim. E c o l . 32: 4-9-71. 
Demel, C. (1923). La faune hivemale des sources du l a c de Wigry. Annls. 
B i o l . Lacustre 11t 187-95. 
El t o n , C. (1927). Animal Ecology. Sedgwick and Jackson, London. 
Engelhardt, W. (1957). Faunistisch-bkologische Untersuchurgen an 
Lapplandischen Fliessgewassern. Arch. Hydrobiol 53 ! 
^99-519. 
Fager, E.W. (1968). The community of invertebrates i n decaying oak 
wood. Anim. Ec o l . 37' 121-142. 
Geijskes, D.C. (1935). Faunistisch-bkologische Untersuchungen am Rosen-
enbach bei L e i s t a l im Baster T a f e l j u r a . Tj.jdschr. Ent. 
78: 24.9-382. 
Hynes. H.B.N. (1972). The Ecology of Running Waters. Liverpool University 
Press, England. 
l i l i e s , J . {l96k). The invertebrate fauna of the Huallaga, a Peruvian 
t r i b u t a r y of the Amazon River, from the sources down to 
Tingo Maria. Verh. i n t . Verien. theor. angew. Limnol. 
15: 1077-83. 
Iversen, T.M. (1973) . Decomposition of autumn-shed leaves i n a spring-
brook and i t s significance for the Fauna. Arch. 
Hydrobiol. 72: 305-312. 
Jackson, D.J. (1958). Observations on Hydroporus ferrugineus Steph. and 
some further evidence indicating incapacity for f l i g h t . 
Ent. Gaz. 9'- 55-9 . 
Kuhn, R.A. (194-9). Zur Okologie und Biologie der Gew'asser des Wasser-
sprengs bei Wein. Arch. Hydrobiol. 36' 157-262. 
Leopold. L.B., e t . a l . (1964). F l u v i a l Processes i n Geomorphology. 
Freeman, San Francisco. 
Matonickin, I . , and P a v l e t i c , Z. (196O). Biological c h a r a c t e r i s t i c s 
of the erosive cataracts of the River Bosna. B i o l . 
Glasn. 13: 295-305. 
Hinckley, V.L. (1963). The ecology of a spring stream Doe Run, Meade 
County, Kentucky. Wildl. Monogra.. Chesteftown 
11: 1-124. 
Montas, C., e t . a l . (1962). Acad. Repub. Pop. Romine, Bucharest. 
Navas, L. (1930). I n s e t t i d e l l a Romagra. Bol. Soc. Ent. I t a l . Genoa. 62. 
Nielsen, A. ( 1 9 5 ° ) . On the Zoography of Springs. Hydrobiologia 2: 313-321. 
Nielsen, A. (1950). The To r r e n t i a l Invertebrate Fauna. Oikos 2: 176-196. 
Noel, M.S. (1954). Animal ecology of a New Mexico spring brook. 
Hydrobiologia 6: 120-35. 
Odum, H.T. (1957). Trophic structure and productivity of S i l v e r Springs. 
E c o l . Monogr. 27: 55-112. 
Odum, H.T.,and Caldwell, D.K. (1955). F i s h r e s p i r a t i o n i n the natural 
oxygen gradient of an anaerobic spring i n F l o r i d a . 
Copeia 104-6. 
P h i l l i p s o n , J . (1964). A miniature bomb calorimeter f o r small b i o l o g i c a l 
samples. Oikos 15s 1, Copenhagen. 
Raabe, E.W. (1952). Dber den 'Affinitatswert' -in der Planzensoziologie 
Vegetatio. Haag 4: 53-68 
Raunkiaer, C. (1934). The L i f e Forms, of Plants and S t a t i s t i c a l Plant 
Geography. Translated by Carter, Fausball and Tansley; 
Oxford University Press. 
Round, F.E. (1965). The Biology of Algae. Arnold, London. 
Schwoerbel, J . (1959) . Okologische und tiergeographische Untersuchungen 
uber die Milben der Quellen und Bache des siidlichen 
Schwarzwalden und seiner Randgebiet. Arch. Hydrobiol. 
Suppl. 24: 385-5^6. 
Schmitz, W. (1961). Fliesswasserforschung-Hydrographie und Botanik. 
Verh. i n t . Verien. theor. angew. Limnol. 14: 
541-86. 
Shannon, C.E., and Weaver, W. (1963)* The mathematical theory of 
communication. Univ. 111. Press. 117pp. 
Sloan, W.C. (1956). The d i s t r i b u t i o n of aquatic in s e c t s i n two Florida 
Springs. Ecology 37 s 81-98. 
Sokal, R., and Sneath, P. (19&3). P r i n c i p a l s of Numerical Taxonomy. 
San Francisco, Freeman. 
Sjzrrensen, T. ( l 9 4 8 ) . A method of est a b l i s h i n g groups of equal amplitude 
i n plant sociology based on s i m i l a r i t y of species 
content and i t s application to analyses of the 
vegetation on Danish commons. B i o l . Skr. S: 1-34. 
S t e l l a , E. (1956). Le biocenosi del sistema surgivo del Fiume Ninfa 
(Agro Homano). B o l l . Pesca P i s c i c . Indrobiol. 
31: 10, 5-52. 
Surber, E.W. (1937). Rainbow trout and bottom fauna production i n one 
mile of stream. Trans. Am. F i s h . Spc. 66: 193-202. 
Teal, J.M. (1957). Community metabolism i n a temperate cold spring. 
E c o l . Monogr. 27s 283-302. 
Thienemann, A. (1912). Der Bergbach des Souerland. I n t . Revue ges. 
Hydrobiol. Hydrogr. Suppl. 4: 2, 1. 125pp. 
Thienemann, A. (1949). Veranderungen i n der Tierwelt unserer Quellen 
von 1918 b i a 1948. Ds«» Haimnt, T«»i 56: 2-5. 
Thorup, J . (1963). Growth and l i f e cycle of invertebrates from Danish 
springs. Hydrobiologia 22: 55-84. 
Thorup, J . (1966). Substrate type and i t s value as the basis f o r the 
delimitation of bottom fauna communities i n running 
waters. Spec. Pubic. Pymatuning lab. E c o l . . Univ. 
Pittsburgh 4: 59-74. 
Thorup, J . (1970). Frequency Analysis i n running waters and i t s app-
l i c a t i o n on a small springbrook community. Arch. 
Hydrobiol. 68: 126-142. 
Thorup, J . (1973). Interpretation of growth curves for animals from 
running waters. Verh. Internat. Verien. Limnol. 
18: 1512-1520. 
Thorup, J . (1974). Occurence and s i z e - d i s t r i b u t i o n of simuliidae 
(Diptera) i n a Danish spring. Arch.Hydrobiol. 
74: 3, 316-335. 
Thorup, J . (1975). The invertebrate fauna of the moss carpet i n the 
Danish spring Raunkilde and i t s seasonal, v e r t i c a l , 
and horizontal d i s t r i b u t i o n . Arch. Hydrobiol. 75: 
1, 109-139. 
Whitford, L.A. (1956). The communities of algae i n the springs and 
springstreams of F l o r i d a . Ecology 37: ^33-42. 
Whittiker, R.H. (l975)> Communities and Ecosystems. Macmillan, 
London. 
Whittaker. H.H., and Fairbanks, C.W. (1958). A study of plankton 
copepod communities i n the Columbia basin, south 
eastern Washington. Ecology- 39 1 ^6-65. 
Yapp. W.B. (1972). Production, Pollution, Protection. Wykenham 
Science S e r i e s . 
Brock, T.D. (1969). Microbial growth under extreme conditions 
i n Microbial Growth, Nineteenth Symposium of the 
Society for General Microbiology. Cambridge University 
Press. 
